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ABSTRACT 

 

Purpose: The purposes of this study were (1) to compare the androgen and lipid profiles, 

metabolic syndrome prevalence as well as insulin and HOMA-IR levels in women with and 

without PCOS as risk factors for developing cardiovascular disease (CVD) and (2) to study the 

effects of apple supplementation and resistance exercise on androgen levels, lipid levels, body 

weight, and metabolic syndrome (MetX) risk factors in women with PCOS. Methods: Baseline 

data evaluated 22 women with PCOS and 22 height-weight matched controls. Of the 22 women 

with PCOS, 16 completed the intervention and because of the high dropout rate controls were not 

included in the intervention. In a 2x2 factorial design using dried apples and resistance exercise, 

control supplement was 70g of Kellogg’s Frosted Mini-Wheats because of similar macronutrient 

content. Exercise consisted of full body routines twice a week, using 3 sets of 12 repetitions max 

(12 RM). SPSS for Windows, Version 16.0 software was used to determine descriptive statistics, 

t-tests, Pearson and Spearman correlations, and one-way ANOVA and factorial ANOVA. 

Results: At baseline, there was no significant difference between women with PCOS and the 

controls in age, weight, BMI, Insulin, HOMA-IR, and total T. However, the women with PCOS 

had significantly higher free T levels and lower SHBG concentrations when compared to the 

controls (p<0.05). The control women had a more atherogenic lipid profile with significantly 

higher glucose, total cholesterol, and LDL-C levels than the women with PCOS (p<0.05). The 

women with PCOS tended to have higher WC than the controls (p<0.1). TG and blood pressure 

were not significantly different. MetX prevalence was higher (18%) in the controls than the 

women with PCOS (4.54%). Pearson correlations revealed significant positive correlations 

between BMI and Insulin/HOMA-IR as well as WC and Insulin/HOMA-IR in all women of this 

study. Spearman correlation analysis revealed a tendency for FAI and BMI to rank positively in 

the women with PCOS only (p<0.1). In all women of this study, FAI levels were negatively 

correlated with SHBG, concurrent to published literature (p<0.001). Intervention results include 

the following: There was a significant increase in SHBG levels in the women supplemented with 

apples only (p<0.01) as well as a significant decrease in FAI (p<0.05). Women supplemented 

with dried apples and participating in the resistance exercise program resulted in significant 

decreases in total T only (p<0.05) (n=6). Fasting blood glucose was significantly increased in the 

cereal groups (n=6) after the intervention period and was associated with the higher glycemic 

index found in the cereal when compared to the apple treatment groups (p<0.05). Increases of 
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total cholesterol and LDL-C were seen in the combination therapy and in the control group (no 

apples-no exercise) (p<0.05). In accordance with other published literature, exercise groups had 

a tendency to increase HDL-C after the intervention (p<0.1). Conclusion: The women without 

PCOS were at an increased risk for developing CVD when compared to the women with PCOS 

because of the more atherogenic lipid profile, higher glucose levels, and higher MetX prevalence 

presented in this population. Intervention of apple supplementation and resistance exercise did 

not ameliorate MetX symptoms, insulin or HOMA-IR, however supplementation showed 

potential for decreasing total T levels and increasing SHBG concentrations in women with 

PCOS. The small sample size may have increased variability in this study and a larger sample 

size is needed to evaluate the effects of apple supplementation and resistance exercise in women. 
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CHAPTER I 

 

INTRODUCTION: 

 

POLYCYSTIC OVARIAN SYNDROME 

 

 

Cardiovascular disease (CVD) is the leading cause of death in women in the US with 

heart disease and stroke affecting approximately 36.6% of US women. (American Heart 

Association 2003) Studies have shown that obesity is an independent risk factor for CVD in 

women. More specifically abdominal adiposity is related to increased insulin resistance, elevated 

cholesterol levels, and increased systemic inflammation. (Hedley et al. 2006; Zhang et al. 2008; 

Weiss A. 2009) Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder that affects 

4%-12% of women of reproductive age. (Diamanti-Kandarakis et al. 1999; Escobar-Morealle 

et al. 2000) PCOS was initially described by Stein and Leventhal in 1935 as a disease involving 

polycystic ovaries with amenorrhea and observed hirsutism in women. It is a complex 

heterogeneous disorder that increases the risk of developing impaired glucose tolerance (IGT), 

type2 diabetes mellitus, metabolic syndrome, and/or a poor cardiovascular profile that includes 

dyslipidemia, hypertension, and endothelial dysfunction (Liepa et al. 2008) Diagnosis of PCOS 

is when 2 out of the following 3 criteria are met: (1) Oligo-ovulation/anovulation (2) excess 

androgen activity, (3) polycystic ovaries (either 12 or more follicles measuring 2–9 mm in 

diameter, or an ovarian volume of >10 cm
3
).  

A strong association between hyperandrogenemia and metabolic syndrome (MetX) exists 

among women with PCOS. (Korhonen et al. 2003; Cussons et al. 2008) Studies have found 

that the prevalence of MetX in women with PCOS ranges from 33.4 % to 47.3%. (Erhmann et 

al. 2005; Dorkas et al. 2005; Apridonidze et al. 2005; Rossi et al. 2008; Rabelo et al. 2005) 

Most prevalent in women with PCOS are high BMI and low HDL-C levels. (Azziz et al. 2004) 

About 50% of women with PCOS are either overweight or obese and exhibit an android pattern 

obesity, which is correlated with insulin resistance (IR), hyperglycemia, hypertension, and 

dyslipidemia. (Kirchengast & Huber et al. 2001, Brettenthaler et al. 2004, Azziz et al. 2004; 

Liepa et al. 2008) Android adiposity has also been linked to higher levels of testosterone and 

decreased SHBG levels. (Cosar 2008) Obesity exacerbates hyperandrogenism, which is 
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associated with excessive hair growth, menstrual irregularity, infertility, and acne. (Azziz et al. 

2006)  

Treatment of PCOS is aimed at reducing hyperandrogenism and anovulation as well as 

IR. Use of pharmacological therapy, lifestyle management, and surgery are used individually or 

in combinations. Combined oral contraceptives and anti-androgens aim at restoring ovulation, 

reducing androgens, and acne. Insulin-sensitizers such as metformin are used to improve insulin 

sensitivity and reduce androgen levels. However, managing lifestyle factors among women with 

PCOS should be the primary focus in therapy. Weight loss in women with PCOS has many 

hormonal and metabolic benefits and may reduce the hallmark symptoms of PCOS. Studies 

reveal that exercise is extremely beneficial in women with PCOS with marked improvement in 

IR and restoration of the ovulation cycle. (Vigorito et al. 2007; Thompson et al. 2008; Bruner 

et al. 2006) 

Epidemiological evidence suggests that the consumption of fruits with polyphenols is 

associated with the reduced risk of cancer and CVD. (Wilms et al. 2005; Leontowicz et al. 

2002; Boyer et al. 2004) Apple consumption may reduce the risk of CVD. Studies investigating 

supplementation with apple polyphenols observed hypocholesterolemic effects with significant 

decreases in low density-lipoprotein (LDL) oxidation and triglycerides (TG) concentrations. 

(Aprikian, et al. 2003, Leontowicz, et al. 2002) Rivera et al (2008) found that daily 

administration of the polyphenol quercetin, found in apples, reduced IR, dyslipidemia, and body 

weight in obese Zucker rats. (Rivera et al. 2008) The doses of quercetin reflected an equivalent 

to a high intake in the human diet and the dose used as a diet supplement in humans. Because of 

their high antioxidant capacity, apple supplementation that results in lipid-lowering effects may 

prove useful in the therapeutic treatment of PCOS. It is unknown whether apple supplementation 

in women with PCOS will provide beneficial outcomes on lipid levels and androgen 

concentrations.  

One goal of this study was to compare the androgen and lipid profiles, features of the 

metabolic syndrome prevalence as well as insulin and HOMA-IR (a measurement for insulin 

resistance) levels in women with and without PCOS.  The effects of apple supplementation in 

combination with resistance exercise in women with PCOS have not been reported. Therefore 

the second aim of this study was to evaluate the effect of supplementing dried apples and 
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implementing resistance exercise training on androgen levels, lipid levels, body weight, and 

metabolic syndrome (MetX) risk factors in women with PCOS. 

 

Thus, the following hypotheses were proposed:  

 

1) A more atherogenic lipid profile will be present in women with PCOS when compared to 

women without PCOS, independent of BMI. 

 

2) Insulin and HOMA-IR values will be significantly higher in women with PCOS when 

compared to women without PCOS. 

 

3) Androgen Levels will be positively correlated to IR in all women with PCOS. IR will be 

inversely correlated with SHBG concentrations in all women with PCOS. 

 

4) The prevalence of MetX will be significantly higher in women with PCOS when 

compared to women without PCOS.  

 

5) The hypothesis for the second aim is that apple polyphenols and resistance exercise 

reduce the symptoms of MetX and improve androgen and lipid levels. 
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CHAPTER II 

 

REVIEW OF LITERATURE 

 

 

 

What is Polycystic Ovarian Syndrome? 

Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder that affects 4%-

12% of women of reproductive age. (Diamanti-Kandarakis et al. 1999; Escobar-Morealle et 

al. 2000) It is a heterogeneous disorder that is difficult to define because there is no single 

abnormality or diagnostic test that clearly defines the syndrome. The syndrome was first 

described as bilateral polycystic ovaries accompanied with amenorrhea by Stein and Leventhal in 

1935. (Stein et al. 1935) They also observed distinct masculine features, such as hirsutism, in the 

women presented with polycystic ovaries. In 2003, a consensus workshop in Rotterdam, 

Netherlands which hosted the European Society of Human Reproduction and Embryology 

(ESHRE) and the American Society for Reproductive Medicine (ASRM) concluded that PCOS 

is diagnosed if 2 of the following 3 criteria are met: (a) oligo-ovulation/anovulation (b) excess 

androgen activity, (c) polycystic ovaries (either 12 or more follicles measuring 2–9 mm in 

diameter, or an ovarian volume of >10 cm
3
). (Rotterdam 2004) More recently the Androgen 

Excess Society in 2006 described PCOS as primarily a hyperandrogenic disorder maintaining 

that PCOS can only be diagnosed in the presence of clinical and/or biochemical 

hyperandrogenism along with anovulation/oligo-ovulation and/or polycystic ovaries and 

exclusion of other causes of androgen excess or related disorders. 

 

Etiology 

Due to the increasing prevalence of PCOS among women evidence of the involvement of 

two key genes: CYP11A and INS gene have been observed. (Gharani et al. 1997; Waterworth 

et al. 1997; Diamanti-Kandarakis et al. 2000; Doi et al. 2006; Pusalkar et al. 2008) 

Mutations encoded by CYP11A and cytochrome P450 have been implicated in the production of 

excess androgens by the ovaries in conjunction with the adrenal glands. (Gharani et al. 1997; 

Diamanti-Kandarakis et al. 2000; Pusalkar et al. 2008) In addition, there is clear evidence 

that insulin resistance (IR) and hyperinsulinemia promote ovarian androgen production in theca 
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cells. Genetic variants in the gene encoding insulin (INS gene; 11p15.5) have been implicated in 

promoting insulin secretion. (Dunaif et al. 1995; Waterworth et al. 1997; Ferk et al. 2008)  

 

Genes encoding steroidogenic enzymes 

CYP11A 

It has been shown that theca cells from polycystic ovaries show a significant increase in 

androstenedione and progesterone production when compared to normal theca cells. (Pusalkar 

et al. 2008; Gharani et al. 1997) The CYP11A gene encodes the enzyme cytochrome P450scc, 

which is an enzyme that cleaves the cholesterol side chain involved as a rate limiting enzyme in 

androgen synthesis. It is located on chromosome 15 at position 15q24 and catalyzes the 

conversion of cholesterol to pregnenolone, an initial step in the ovarian steroidogenesis pathway. 

(Payne et al. 2004) The promoter region has been shown to have a pentanucleotide 

polymorphism associated with hyperandrogenism in women with PCOS. (Gharani et al. 1997; 

Diamanti-Kandarakis et al. 2000; Pusalkar et al. 2008) In a study by Diamanti-Kandarakis 

(2000), women with PCOS had the highest frequency of pentanucleotides in addition to higher 

testosterone levels when compared to women without PCOS. This data suggests that CYP11A 

may be a major genetic susceptibility locus for PCOS.  

 

CYP17 

It is possible that a polymorphism on the gene CYP17 that encodes an enzyme, 

cytochrome P450c17a, needed to catalyze androgen production is present in women with PCOS. 

Studies have shown that PCOS may result from increased production of the enzyme cytochrome 

P450c17a. (Rosenfield et al. 1994) In the ovary, the gene CYP17 also encodes for 17a-

hydroxylase the enzyme that converts progesterone to 17a-hydroxyprogesterone, and 17, 20-

lyase the enzyme that converts 17a-hydroxyprogresterone to androstenedione. This single gene 

on chromosome 10 (specifically chromosome 10q24.3) is essential for androgen production but a 

fraction of the population has a T to C substitution in the 5’ promoter region of CYP17 that 

increases transcription of the gene leading to high androgen levels. (Rosenfield et al. 1994) 

Initial studies on women in this population, showed an exaggerated serum 17a-

hydroxyprogesterone response upon stimulation from gonadotropin-releasing hormone agonists. 

(Rosenfield et al. 1994) This implies that change in the two key enzymes involved, 17a-
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hydroxyprogesterone and 17, 20-lyase, could account for abnormal androgen synthesis. 

Although investigation with large case-control studies have not been able to demonstrate that a 

polymorphism of the CYP17 gene are common in women with PCOS. (Gharani et al. 1996; 

Marszalek et al. 2001)  

 

Genes involved with insulin 

Insulin resistance (IR) is found in approximately 65-70% of women with PCOS. 

(DeUgarte et al. 2005) The gene encoding insulin (INS gene; locus 11p15.5) regulates insulin 

expression and has been associated with hyperinsulinemia, and susceptibility to type 2 diabetes 

mellitus. (Dunaif et al. 1995; Waterworth et al. 1997; Ferk et al. 2008) Variable numbers of 

tandem repeats (VNTR) are embedded in the 5’ regulatory region of INS gene that is about 14-

15 base-pairs. Three discrete allele classes have been distinguished: class I alleles (26 – 63 

repeats; approximate frequency 30%), class II alleles (extremely rare) and class III alleles (138 –

209 repeats; approximate frequency 70%).  (Waterworth et al. 1997) Longer INS alleles were 

found to have higher transcriptional activity in vitro than the shorter alleles. It is hypothesized 

that patients carrying a class III allele at the insulin gene VNTR locus are more likely to be 

hyperinsulinemic and suffer more menstrual disorders. (Waterworth et al. 1997; Ferk et al. 

2008) Ferk et al (2008) found that the INS VNTR allele frequencies in PCOS patients were 

79.2% versus 70.4% for controls in the class III alleles and 20.8% versus 29.6% for class 1 

alleles, respectively. Consequently these polymorphisms may influence INS gene transcription, 

predisposing a person to develop IR and compensatory hyperinsulinemia. (Matalliotakis et al. 

2006; Ferk et al. 2008) In women with PCOS, IR may play a primary role promoting 

hyperandrogenism that may further exacerbate the cardinal features associated with the 

syndrome. 

 

Hypotheses of the Pathophysiology of PCOS 

The Luteinizing Hormone (LH) hypothesis and ovarian dysfunction 

The LH hypothesis proposes that a neuroendocrine defect leads to the exaggerated LH 

pulse frequency and amplitude that result in ovarian hyperandrogenism and anovulation. 

(Matalliotakis et al. 2006)  Androgens (mainly androstenedione and testosterone) are produced 

in the theca cells of the ovaries in response to LH. These androgens diffuse across the basement 
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membrane into the granulosa cells of the follicle, where stimulated by follicle-stimulating 

hormone (FSH), the granulosa cells produce aromatase, which converts androgen precursors to 

estrone and estradiol. Abnormal LH secretion in women with PCOS is attributed to a 

hypothalamic-pituitary axis defect in which the gonadotropin-releasing hormone (GnRH) 

feedback mechanism is impaired. (Matalliotakis et al. 2006; Iwasa et al. 2009; Hsu et al. 

2009) 

Most women with PCOS exhibit an increased level of LH and a higher ratio of LH to 

FSH than non-PCOS women (Hsu et al. 2009). Iwasa et al (2009) also showed elevated LH 

levels (75%) in anovulatory women with PCOS, which was 94% elevation of the LH: FSH ratio 

when compared to healthy-ovulatory women. GnRH pulse frequency is important for cyclic 

ovulation, therefore an increase in LH pulse activity may stimulate ovarian androgen production 

that may be responsible for ovarian hyperandrogenism and anovulation demonstrated by women 

with PCOS.  

 

Ovarian dysfunction hypothesis 

In addition to overstimulation of LH by GnRH, the ovarian dysfunction hypothesis 

proposes that there is a primary defect in the ovarian thecal cell layer that results in exaggerated 

ovarian androgen secretion (Matalliotakis et al. 2006), because ovarian theca cells are very 

sensitive to LH stimulation. In PCOS, the exaggerated response of LH leads to increased levels 

of 17a-hydroxyprogesterone. Generally, ovarian androgens are converted into estrogens, but in 

PCOS disproportionate response of 17a-hydroxyprogesterone by gonadotrophins stimulation 

increases androgen production, perhaps due to the genetic polymorphism discussed earlier.  

 

The Insulin hypothesis 

Insulin mediates numerous target tissue actions, such as glucose uptake, gene regulation, 

DNA synthesis, and amino acid uptake. (Dunaif et al. 1997)Several studies have demonstrated 

that women with PCOS, independent of body weight, have a form of IR. (Matalliotakis et al. 

2006) Insulin action is mediated through protein tyrosine kinase activation that auto-

phosphorylate substrates inside the cell, signaling a cascade of activation for glucose transport 

and activation of glycogen synthase. (White et al. 1998) In women with PCOS, an increased 

insulin receptor serine phosphorylation decreases protein tyrosine kinase activity resulting in 



8 

 

abnormal glucose uptake. (Dunaif et al. 1995; Bremer et al. 2008) Normally, tyrosine kinase 

phosphorylates the insulin-receptor substrate-1 (IRS-1) system that leads to the activation of 

phosphatidylinositol 3-kinase (PI3-K) that further activates other cascade pathways within the 

cell stimulating glucose transport via GLUT4 transporters. Studies in PCOS adipocytes, a classic 

insulin target tissue, revealed significant decreases in insulin-stimulated glucose transport. 

(Dunaif et al. 1995) Upon further investigation, Rosenbaum et al (1993) found that the decrease 

in adipocytes glucose uptake was secondary to a significant decrease of GLUT4 glucose 

transporters. (Dunaif et al. 1992; Rosenbaum et al. 1993) This observation suggests that serine 

phosphorylation, instead of tyrosine phosphorylation, decreases the PI3-K signaling pathway that 

is responsible for activating glucose transporters migration and synthesis. Serine phosphorylation 

also occurs at enzyme cytochrome P450c17, in which the enzyme dramatically increases 17, 20-

lyase but not 17a-hydroxylase activity resulting in increase of androstenedione. (Zhang et al. 

1995) Insulin has been shown to stimulate ovarian steroidgenesis, in conjunction with LH to 

increase androgen secretion from the theca cells. (Nahum et al. 1995; Sekar et al. 2000) The 

excessive serine phosphorylation occurring at cytochrome P450c17 increases enzyme activity of 

17a-hydroxylase and 17, 20-lyase in theca cells, which leads to excessive androgen production 

commonly seen in women with PCOS. (Gilling-Smith et al. 1994)  

 

Hyperandrogenism 

Testosterone (T), androstenedione, dihydrotestosterone (DHT), dehydroepiandrosterone 

(DHEA) and DHEA-sulfate (DHEA-S) are the androgens found in males and females. In 

women, androgens are precursors for estrogen and are produced in the ovaries, adrenal glands, 

and adipose cells. Once secreted, T is almost entirely bound to transport proteins: a) weakly 

bound to albumin, b) tightly bound to sex hormone-binding globulin (SHBG), and c) free or 

unbound. SHBG is the principal binding protein for T (up to 95%). (Botwood and Hamilton et 

al. 1995) Low levels of SHBG are associated with increased concentrations of free testosterone, 

resulting in a more androgenic profile results in women (Hoeger et al. 2006). A major factor that 

influences the reproductive capacity of women with PCOS is hyperandrogenism. In a large study 

of women with clinical hyperandrogenism, in accordance with the Rotterdam 2003 criteria, 

72.1% of 950 patients were diagnosed with PCOS (Carmina et al. 2006). Several studies also 

found a strong association between hyperandrogenemia and metabolic syndrome exists among 
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women with or without PCOS, where the degree of hyperandrogenemia is positively correlated 

with the degree of overweight or obesity (Korhonen et al. 2003; Cussons et al. 2008). 

Hyperandrogenism is also associated with increased android pattern obesity and IR (Moran and 

Teede 2009). 

Excessive amounts of androgens in women have a “virilizing effect,” which are clinical 

features of PCOS that include acne, hirsutism (excess hair growth male-like pattern, like the 

chin, upper lip), and thinning hair or male-pattern baldness. Biochemically hyperandrogenism is 

assessed with the measurement of T, SHBG, and calculation of the free androgen index (FAI; see 

methods for calculation). This index is indicative of serum T levels in comparison to SHBG 

levels, where higher scores of FAI reflect higher levels of T, thus more severe forms of 

hirsutism. In women with PCOS, serum T levels are usually at the upper limit of normal levels or 

slightly elevated while SHBG levels are depressed. (Hoeger et al. 2006) A study comparing lean 

and obese women with PCOS, reported that levels of SHBG were lower in obese women with 

PCOS and had higher plasma T and FAI levels. (Ciampelli et al. 1999)  Similarly, Cupisti et al 

(2007) also reported SHBG levels significantly lower in women with PCOS that had a BMI ≥25 

kg/m
2
 further supporting the observation that overweight/obese women with PCOS present more 

severe hyperandrogenism when compared to lean women with PCOS.  

A. Anovulation/Oliogovulation and Androgen Excess 

Anovulation or oligo-ovulation, the irregularity of menstruation, is a common symptom 

presented in women with PCOS. The cause of menstrual irregularity in PCOS is associated with 

significant abnormalities in early stages of folliculogenesis (Franks et al. 2008), and the 

development of multiple small follicles resulting from hyperinsulinemia (Homburg 2009). 

Although a significant number of women with excessively high serum androgen concentrations 

have increased adrenal gland androgen production, studies have shown that IR and excessive 

amounts of insulin production (i.e. hyperinsulinemia) are directly related to increased ovarian 

production of androgens. (Moghetti et al. 1996, Peltoketo et al. 1999) Hyperinsulinemia 

inhibits hepatic synthesis of SHBG, increasing the amount of free androgens and inhibiting IGF 

binding protein (which consequently results in increased activity of IGF-I and –II, two important 

regulators of ovarian follicular maturation). (Dunaif et al. 1997) Interfering with follicular 
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development causes premature follicular atresia and antral follicular arrest. In addition, insulin 

binds to the IGF-I receptors enhancing androgen theca cell production in response to LH 

stimulations. (Erickson et al. 1990; Sonnatag et al. 2000) Metformin, an insulin sensitizing-

agent proved useful in restoring ovulation in women with PCOS by directly inhibiting ovarian 

androgen production. (Attia et al. 2001; Mansfield et al. 2003; Misugi et al. 2006) The drugs 

lower serum insulin levels, thus lowering androgen concentration and restores ovulation in 

approximately 91% of women with PCOS that were previously amenorrheic. (Glueck et al. 

1999) 

B. Hirsutism and Acne 

 Hirsutism, the development of excess coarse hair in females in patterns typically seen in 

adult males, presents in approximately 70% of patients with PCOS (Sheehan et al. 2004). In a 

study of women with PCOS, of those who were hirsute, 68% were hyperandrogenemic. (Archer 

and Chang et al. 2004) Evidence of androgens role in the development of excessive hair growth 

is attributed to increased bioavailability of T and the increased sensitivity of hair follicles. DHT 

is the main androgen involved in hirsutism evidenced by increased activity of 5α-reductase in 

hair follicles of women with PCOS. (Thiboutot and Chang et al. 2003) Anti-androgens such as 

flutamide and spironolactone are used to block nuclear binding of androgens and have shown 

effective results in reducing hair growth. A study by Moghetti et al (2000) found a 12% 

reduction of hair shaft diameter and a 41% reduction of hirsutism score in women with PCOS 

treated with spironolactone. Metformin studies have also shown about 3-13% improvement in 

hirsutism scores. (Hoeger et al. 2008; Corbould 2008; Mason et al. 2008) 

Notably, acne occurs in about 84% of women with PCOS because an increase in sebaceous 

gland 5α-reductase activity is present in the face. (Homburg 2009) However, up to 50% of 

women with hyperandrogenism will have acne lesions on the neck, chest, and upper back. 

(Archer and Chang et al. 2004) The formation of acne in these women is associated with 

increased levels of androgens, such as DHEA-S, and DHT. (Archer and Chang et al. 2004) 

Androgen receptors are found in follicles where acne lesions develop that may promote both 

follicular epidermal hyperproliferation and plugging as well as sebum production. (Moghetti et 

al. 2006) Significant improvements in acne and hirsutism have been observed with treatment of 
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anti-androgens and/or combination oral contraceptives. (Homburg 2009; Archer and Chang et 

al. 2004)  

C. Adiposity 

Android pattern obesity in women with PCOS exacerbates IR, which may lead to increased 

risk of diabetes or other related metabolic co-morbidities such as dyslipidemia, glucose 

intolerance, and MetX (Escobar-Morreale et al. 2007). Regarded as a highly active metabolic 

organ, adipose tissue has been found to have receptors that are regulated by androgens. 

(Corbould et al. 2007) Women who are obese more often have pronounced hyperandrogenism 

than lean women PCOS. (Diamanti-Kandarakis et al. 2007) Adipocytes in these women can 

convert androstenedione to T via the 17α-hydroxydehydrogenase enzyme that is further 

stimulated by insulin and cortisol. Increases in T and cortisol by a feedback mechanism lead to 

increases in the degree of central obesity. (Ahima et al. 2000; Diamanti-Kandarakis et al. 

2007) The vicious cycle further exacerbates clinical features of PCOS that include anovulation, 

hirsutism, and IR. Treatment targeting overweight/obese women has shown that with modest 5-

10% weight loss significant improvements in menstrual cycles, decreases in hirsutism, and 

decreases T levels. (Kiddy et al. 1992; Legro et al. 1999)    

Co-morbidities associated with PCOS: Metabolic Syndrome (MetX), Dyslipidemia, 

Cardiovascular Disease, Complications in pregnancy 

  

PCOS is associated with increased risk of cardiovascular diseases (CVD), MetX, and 

dyslipidemia. (Liepa et al. 2003; Rossi et al. 2008) Obesity among women with PCOS is highly 

prevalent, affecting approximately 30-75% of this population. (Giallauria et al. 2008) There is 

strong evidence that obesity, particularly abdominal obesity, exacerbates the clinical features of 

PCOS. (Kirchengast & Huber 2001, Azziz, et al. 2004) IR, independent of adiposity levels, has 

been shown to also increase the risk of developing metabolic disorders. (Hoeger et al. 2008; 

Grundy et al. 2005) MetX is diagnosed by the presence of at least 3 of the following: waist 

circumference >88cm in women (WC), fasting serum glucose 100>mg/dl, triglycerides 

>150mg/dl, HDL-C <50 mg/dl, and arterial pressure >130/85 mmHg. (American Heart 

Association 2009) Studies have found that the prevalence of MetX in women with PCOS ranges 
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from 33.4 % to 47.3%. (Erhmann et al. 2005; Dorkas et al. 2005; Apridonidze et al. 2005; 

Rossi et al. 2008; Rabelo et al. 2005) The most prevalent MetX factors among women with 

PCOS were high BMI and low HDL-C levels, in addition to significantly higher androgen levels 

and lower SHBG levels when compared to non-MetX women with PCOS. (Apridonidze et al. 

2005) 

Women with PCOS present an atherogenic lipid profile characterized by elevated 

triglycerides (TGs), small low-density lipoproteins (LDL), and reduced high density lipoprotein 

levels (HDL). (Valkenburg et al. 2008, Chen and Yang et al. 2006; Macut et al. 2008) 

According to the National Cholesterol Education Program (NCEP 2002) guidelines, 

approximately 70% of women with PCOS exhibit abnormal serum lipid levels. These changes 

are consistent with lipid profiles typically found in association with IR and MetX. (Valkenburg 

et al. 2008) Abnormal lipid levels increase the risk of CVD in women with PCOS. Low HDL 

concentrations appear to be the predominant abnormality in women with PCOS and may not 

always be accompanied by elevated TGs. (Westerveld 2008)  

The cardiometabolic abnormalities seen in PCOS patients also show increased clinical 

markers of premature atherosclerosis (endothelial dysfunction; increased coronary artery 

calcification) (Moran and Teede et al. 2009; Apridonidze et al. 2005; Meyer et al. 2005) 

Overweight and obese BMI–matched women with and without PCOS were assessed in a cross-

sectional study that found an increased concentration of circulating markers for endothelial 

dysfunction (flow-mediated dilation (FMD), and asymmetric dimethylarginine (ADMA)), in 

addition to elevated HOMA-IR and androgen levels. (Moran and Teede et al. 2009) 

Components of MetX, endothelial dysfunction, and an abnormal lipid profile are common in 

women with PCOS, placing them at increased risk for CVD; therefore treatment for this 

syndrome should aim at reducing cardiometabolic abnormalities present in women with PCOS. 

 

Pregnancy complications in women with PCOS 

Evidence suggests that women with PCOS are at an increased risk of developing serious 

complications during pregnancy, such as gestational diabetes (GDM), pre-eclampsia, pregnancy-

induced hypertension (PIH), and birth of small-for-gestation-age (SGA) babies.( Boomsma et al. 

2006; Homburg R 2006; Alshammari et al. 2009) IR is present in approximately 65-70% of 

women with PCOS, which places this population at an increased risk for developing GDM 
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(DeUgarte et al. 2005; Legro et al. 2004) In a recent study, pregnant women with PCOS were 

assessed to determine risk of obstetrical complications compared to pregnant women with GDM 

alone. (Alshammari et al. 2009) Results indicated that women with PCOS and GDM had higher 

rates of adverse outcomes. More specifically, women with both conditions were more obese, had 

PIH/preeclampsia and infants of these women had higher rates of pre-term birth. Additionally, 

preeclampsia was increased in IR-women with PCOS when compared to women with GDM 

alone indicating that IR may further exacerbate adverse complications during pregnancy in this 

population. (Alshammari et al. 2009) In comparison, a meta-analysis also evaluated several 

studies to assess the risk of pregnancy in women with PCOS. Studies of pregnancy outcomes in 

women with PCOS were compared to controls that demonstrated significantly higher rates of 

developing GDM, PIH, and delivering prematurely when compared to controls. (Boomsma et al. 

2006) Since women with PCOS are at a higher risk of developing complications during 

pregnancy treatment should be aimed at ameliorating the hallmark symptoms, i.e IR and/or 

obesity.  

Current Treatment 

 

Traditionally medical management of PCOS was limited to targeting hyperandrogenism 

and anovulation in women with PCOS. Because of the heterogeneous nature of the syndrome, 

dyslipidemia and insulin resistance have been added to the scope of medical care for PCOS. 

(Legro et al. 2004; Westerveld et al. 2008). Approaches to treatment of symptoms include 

combinations of the following interventions: pharmaceuticals such as oral contraceptives (Ocs), 

anti-androgens, insulin-sensitizers, and lipid lowering drugs, lifestyle improvement, and surgery.  

 

Pharmaceuticals 

Oral Contraceptives 

Oral contraceptives are the most frequently used drugs to reduce clinical symptoms of 

PCOS, such as excessive hair growth, irregular menses, and acne. Combined oral contraceptives 

(COCs) vary in composition but the vast majority contain an estrogen component (ethynyl-

estradiol, EE) and various types of progestin, such as drospirenone, desogestral, and cyproterone 

acetate that bind to different steroid hormone receptors. The effect of COCs on androgen 

synthesis has demonstrated a significant reduction in ovarian androgen production; in which 

progestin components, through a negative feedback effect, suppress LH secretion thus reducing 
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ovarian androgen production. COCs, more specifically the progestin component, also shows 

antagonistic effects on the activity of 5α-reductase, the enzyme that converts testosterone to a 

more potent DHT that results in hirsutism and acne. (Cassidenti et al. 1991; Nader et al. 2007) 

The estrogen component has been shown to increase hepatic production of SHBG, which is 

usually low in women with PCOS, thus reducing free testosterone. (Wiegratz et al. 2003; 

Ehrmann et al. 2005) 

More recently, COC treatment in women with PCOS has presented conflicting results 

regarding lipid metabolism. Various treatments use different types of progestins that have shown 

to cause an increase in total cholesterol, TG, and HDL cholesterol. (Mastorakos et al. 2002; 

Ibanez et al. 2004; Hoeger et al. 2008) Cyproterone acetate (CPA) is a commonly used 

progestin that is used in adolescents and has been shown to cause increases in HDLs, and TGs. 

(Luque-Ramirez et al. 2007; Creatsas et al. 2000) Other progestin oral contraceptives, such as 

desogestral, have not shown unfavorable effects on lipid metabolism while ameliorating 

hyperandrogenism in adolescent girls with PCOS. (Creatsas et al. 2000; Mastorakos et al. 

2002) However, Hoeger et al (2008) reported significant increases in LDL cholesterol with the 

same treatment in obese adolescents with PCOS. The newest form of progestin, drospirenone, 

trademark name Yasmin and Yaz (in the United States) in combination with EE, is a functional 

analogue of spironolactone which is an anti-androgen and anti-hypertensive agent. Treatment 

with Yaz is effective in decreasing hirsutism and T levels although significant increases in TGs, 

HDLs, and total cholesterol while remaining within normal ranges has been observed. (Guido et 

al. 2004; Ibanez et al. 2004) Overall, there seems to be a general increase in total cholesterol 

and HDLs with the use of COCs regardless of which combination is used. Treatment with COCs 

should be used with caution in women with hypertriglyceridemia. 

  

Anti-androgens 

The effectiveness of COCs is usually seen as achieving regular menses and decreasing 

acne, however, excessive hair growth is treated with anti-androgens. Spironolactone, an anti-

androgen commonly used, is an aldosterone antagonist that was first introduced as an 

antihypertensive agent. However it was observed to have a 67% affinity for testosterone 

receptors (Sheehan et al. 2004), that acts as an inhibitor of 5α-reductase activity of hair follicles. 

Studies reveal that hirsutism scores are reduced with treatment with spironolactone, including 
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significant decreases in T levels in hirsute women. (Inal et al. 2005; Moghetti et al. 2000; 

Karakurt et al. 2008; Zulian et al. 2005) Karakut et al (2008) reported a significant increase in 

TG levels with spironolactone treatment in women with PCOS but another study by Zulian et al 

(2005) observed a significant decline in TG in overweight women with PCOS. Differences in 

outcomes regarding the efficacy of spironolactone are inconclusive because several studies use 

different ranges (from 50-400 mg/day) that may explain opposing effects of the drug. 

Flutamide, another androgen receptor blocker also reduces the conversion of T to its 

more active form DHT. This anti-androgen is a non-steroidal compound that only acts at the 

androgen receptor sites and has no progestogenic actions. (Eagleson et al. 2000) Results from 

several studies support anti-androgen effect of the drug, in which flutamide treatment showed a 

significant reductions of total T and hirsutism scores in women with PCOS. (Eagleson et al. 

2000; Moghetti et al. 2000, Karakurt et al. 2008) Interestingly, flutamide treatment was 

attributed to reduce TG and LDL-cholesterol in both lean and obese women with PCOS. 

(Diamanti-Kandarakis et al. 1998; Ibanez et al. 2000; Gambineri et al. 2004) Flutamide and 

Spironolactone have been compared regarding their efficacy as an anti-androgen. Studies reveal 

that all anti-androgens have similar effectiveness against hirsutism. (Moghetti et al. 2000; 

Karakut et al. 2008; Gambineri et al. 2004) These results demonstrate useful treatment by 

anti-androgens but a combination of therapy may prove more practical to address the heterogenic 

nature of PCOS.   

 

Insulin Sensitizers 

 

Metformin 

IR and secondary hyperinsulinemia affect approximately 65-70% of women with PCOS. 

(DeUgarte et al. 2005) Insulin stimulates theca cell androgen synthesis (Nestler JE et al. 1997) 

and suppresses SHBG production in the liver (Nestler JE et al. 1991) further increasing 

circulating androgens. Metformin is often used as the first-line treatment in women with PCOS 

that demonstrate IR. It is regarded as an “anti-hyperglycemic” agent, which was introduced in 

1957 and is recommended by the American Association of Clinical Endocrinologists as the 

initial intervention for overweight and obese women with PCOS. (PCOS Writing Committee 

2005) A study by Otta et al (2009) evaluated the effects of metformin in 30 obese women with 

PCOS, and observed that after 4 months with 1500 mg of metformin the women had significant 



16 

 

reductions in serum fasting insulin, HOMA-index, WC, and T levels. Sonnatag et al (2005) 

demonstrated the direct effect of metformin on theca cells in which there was decreased 

phosphorylation of the MAPK signaling cascade that has been associated with hormone 

signaling and cell proliferation in the ovary. Therefore, metformin decreases steroidogenesis 

through decreased MAPK signaling (Sonnatag et al. 2005)  Metformin administered at doses up 

to 1500 mg/day decreases insulin, testosterone, and LH levels. (Nestler and Jakubowicz et al. 

1997; Moghetti et al. 2000; Otta et al. 2009) To date various studies confirm that treatment 

with metformin for at least 2-3 months reduce androgens by about 60%. (Pasqueli R et al. 2000; 

Ng EH et al. 2001) 

 

Thiazolidinediones (TZDs) 

Rosenbaum et al (1993) reported that the amount of adipocytes GLUT4 transporters were 

lower in women with PCOS when compared to women without PCOS independent of BMI. Due 

to this most reported studies have used metformin as the main insulin-sensitizer to improve 

insulin signal transduction; however, currently TZDs may also prove useful in IR women with 

PCOS. This particular group of insulin sensitizers improves peripheral glucose uptake, in which 

it acts as a ligand for the nuclear peroxisome proliferator activated receptor (PPAR) that is 

activated and enhances glucose utilization in tissues. Studies report that after 3 months of 

therapy, a significant improvement in HOMA-IR levels were shown as well as T was reduced by 

25-35% and SHBG had increased up to 66%. (Nestler JE and Jakubowicz DJ 1997; Ehrmann 

DA et al. 1997) Similar to metformin, TZDs reduce ovarian androgen secretion and increase 

plasma levels of SHBG. Yi-Ming et al (2000) study suggested that TZD directly inhibits 

aromatase activity in human granulosa cells via the nuclear receptor PPAR thus reducing 

androgen levels after treatment. The first TZD was troglitazone but subsequently withdrawn 

from the market due to hepatotoxicity after treatment in women with PCOS. Rosiglitazone, a 

new generation of TZDs, has been shown to improve menstrual regularity, reduce 

hyperandrogenism, and improve metabolic profiles in women with PCOS. Jensterle et al (2008) 

treated women with PCOS for 6 months with rosiglitazone and found that there was a significant 

improvement of HOMA-IR along with significant decrease in T levels, and improvement in 

menstrual regularity. Research on TZDs treatment for PCOS is limited; nevertheless TZDs may 

provide alternative choice in the management of IR and hyperandrogenism.  
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Statins 

The lipid profile in women with PCOS typically involves lower serum levels of HDL as 

well as higher TG and LDL concentrations than age- and weight-matched women without PCOS. 

(Chen and Yang et al. 2006; Macut et al. 2008) Statins are traditionally used to inhibit HMG 

CoA, a rate limiting enzyme in hepatic cholesterol synthesis, resulting in up-regulation of hepatic 

LDL-receptors and increased uptake of cholesterol from peripheral circulation. A recent cross-

over trial in women with PCOS by Banaszewska et al (2007) studied simvastatin, a common 

statin, in combination with an OC compared to monotherapy of OC. Results indicated beneficial 

lowering of TG and LDL levels with the addition of statin therapy to women with PCOS when 

compared to the women with PCOS on monotherapy. (Banaszewska et al. 2007) More 

interestingly, a 12% decrease in total T levels was observed in the statin-combined group when 

compared to the monotherapy group of women with PCOS. T reduction from statin treatment 

results from an inhibition that depletes the mevalonate pathway; decreased availability of these 

enzymes lead to lower activity of GTPases resulting in attenuated signaling transduction 

pathways. (Banaszewska et al. 2007; Kwintkeiwicz et al. 2006) More specifically in the 

mevalonate pathway isoprenyls involving MAPK31 (an extracellular signal-regulated kinase) 

requires RAS, an essential component of the MAPK pathway (mitogen-activated protein kinase). 

The main function for activation of this pathway is that it facilitates attachment to the 

cytoplasmic leaflet of the cellular membrane, thus statin treatment may decrease proliferation by 

inhibiting isoprenylation of Ras. (Piotrowski et al. 2006) Another study by Sathyapalan et al 

(2009) used atorvastatin for 3 months in obese women with PCOS and observed a reduction in 

total T levels, in addition to the expected reductions in TC, TG, and LDL levels. Thus, statins 

may exhibit multiple beneficial roles in dyslipidemia and endocrinological aspects of PCOS that 

prove useful in therapeutic management. 

  

 Lifestyle Management for metabolic, endocrine, and reproductive features 

 

The main objective in therapeutic management of PCOS is to reduce hyperandrogenism 

and restore reproductive function.  Managing lifestyle factors is preferable to pharmacological 

management because of potential costs, side effects, and long-term maintenance. Dietary-

induced weight loss in overweight and obese women with PCOS has many hormonal and 
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metabolic benefits and may reduce the hallmark symptoms of PCOS. In addition, studies reveal 

that exercise is extremely beneficial in women with PCOS with marked improvement in IR and 

restoration of the ovulation cycle. (Vigorito et al. 2007; Thompson et al. 2008; Bruner et al. 

2006) 

 

Metabolic Features  

The impact of IR in the presence of obesity in women with PCOS typically presents 

higher rates of glucose intolerance and diabetes as well as dyslipidemia. Short-term modest 

weight-loss intervention studies have shown that a weight loss of about 5-10% decreased 

abdominal fat, IR, and improved lipid profiles in women with PCOS. (Kiddy et al. 1992; 

Huber-Buchholz et al. 1999; Hoeger KM 2006) IR, a hallmark feature of PCOS 

pathophysiology, has been found to be reduced by weight reduction in women with PCOS. Both 

insulin values from 2-hour glucose tolerance tests (Kiddy et al. 1992; Hoeger KM 2006) and 

fasting insulin levels improve with weight reduction in overweight/obese women with PCOS. 

Andersen et al (1995) demonstrated a 29% reduction in TC and 31% reduction in TG as well as a 

20% significant reduction of insulin levels with a dietary induced weight reduction (13% weight 

reduction) in nine obese women with PCOS. Furthermore Moran et al (2003) demonstrated a 

7.6% weight reduction in obese women with PCOS with16 weeks of dietary intervention, that 

resulted in significant reductions in insulin levels, IR, total cholesterol (8.8%), 12.5% in TG, and 

9.8% in LDL cholesterol.  

 

Endocrine Features 

Consistent with significant improvements in metabolic abnormalities in women with 

PCOS, increases in SHBG and decreases in T with dietary-induced weight loss provide 

beneficial evidence in the therapeutic management of PCOS. (Ciampelli et al. 1999; Moran et 

al. 2003; Jakubowicz et al. 1997) Kiddy et al (1992) demonstrated a two-fold increase in SHBG 

with reciprocal decrease in free T levels in obese women with PCOS who lost ≥5% of weight in 

a long-term calorie-restrictive regimen. Another study, by Moran et al (2003), also revealed an 

increase in SHBG, with reductions in total T (13.7%) and FAI (18.2%) with a 16-week energy-

restriction diet.  The improvement of androgen levels in women with PCOS after weight loss 

intervention studies are attributed to improvements in insulin levels and insulin sensitivity. 
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Insulin directly stimulates theca cell androgen synthesis, thus decreases in T levels could be a 

result of decreases in insulin.  

 
Reproductive Function 

Menstrual function in women with PCOS has also been shown to improve with weight 

loss intervention studies. (Kiddy et al. 1992; Moran et al. 2003) In a study of 33 anovulatory 

overweight women with PCOS, 18 resumed regular menstrual cycles after a 1200 kcal dietary 

restriction intervention that resulted in ≥ 5% weight loss. (Crosignani et al. 2003)  This study 

also reported a significant reduction in ovarian morphology with the women that had lost weight. 

(Crosignani et al. 2003) Ovarian volume was reduced by 18% in women who lost 5% of body 

weight, and by 27% in women who lost 10% of body weight. In comparison, Moran et al (2003) 

demonstrated improvements in ovulation in 11 out of the 25 women treated with dietary 

intervention. Overall, evidence supports weight reduction with improvement in reproductive 

function and does appear to ameliorate metabolic and endocrinological features of PCOS.   

 

Exercise 

Exercise is extremely beneficial in women with PCOS. Studies reveal the efficacy of 

exercise on hormones and metabolic function significantly improves in women with PCOS. 

(Vigorito et al. 2007; Thompson et al. 2008; Bruner et al. 2006) Vigorito et al (2007) reported 

significant improvement in insulin sensitivity and significant reduction of BMI with a combined 

3-month structured exercise training program and healthy low-glycemic meal plan on overweight 

women with PCOS. Exercise intervention studies have also shown the beneficial aspect of 

combining exercise to an energy-restricted diet to further improve cardiometabolic abnormalities 

in PCOS. (Cuff et al. 2003; Bruner et al. 2006; Thompson et al. 2008) Bruner et al (2006) 

combined endurance and resistance exercise with nutrition counseling in a 12-week intervention, 

where women with PCOS showed significant reduction in adipose tissue as well as significant 

reduction in insulin and total T levels. (Bruner et al. 2006)  

Moreover, studies suggest that compared with either aerobic or resistance training, a 

combination of aerobic-resistance training is more efficient at improving insulin sensitivity and 

reducing adipose tissue in overweight/obese women with PCOS. (Cuff et al. 2003; Park et al. 

2003; Thompson et al. 2008) A randomized 20-week study evaluated the beneficial effects of a 

combined aerobic-resistance training program on overweight women with PCOS. (Thompson et 
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al. 2008) Overall, the subjects achieved a mean weight loss of 9.4± 1.9 lbs in addition to 

reduction of 11.1% of waist circumference. In all the treatment groups, there were significant 

reductions in insulin, IR, lipids, T with reciprocal increases in SHBG, and FAI.  More 

importantly, reductions in T were positively correlated to reductions in adiposity levels 

supporting the observation that sex hormone metabolism occur at increased rates in adipose 

tissue. With dietary-induced and exercise regimens adiposity levels are reduced thus this 

endocrine milieu is reduced. 

 

Polyphenols 

 

IR plays a significant role in women with PCOS and represents a link to an unfavorable 

cardiovascular risk profile that is highly prevalent in this population. (Liepa et al. 2008) 

Epidemiological and experimental evidence suggests that a diet high in fruits and vegetables may 

reduce the risk of chronic diseases, such as CVD and cancer. (Boyer et al. 2004) The protective 

effects of fruits and vegetables have been attributed to phytochemicals, which are non-nutrient 

plant compounds such as carotenoids, flavonoids, isoflanonoids, and phenolic acids. Apples are 

rich sources of flavonoids such as quercetin, which have been found to reduce the risk of some 

cancers (Wilms et al. 2005, Liu et al. 2005; Miura et al. 2008), cardiovascular disease (Knekt 

et al. 1996; Leontowicz et al. 2002; Vidal et al. 2005), asthma, and diabetes. (Boyer et al. 

2004) Flavonols are the most abundant phytochemical in apples, which also vary greatly between 

the different varieties of apples. (Wojdylo et al. 2008) Apples richest in polyphenols are 

Braeburn, Red Delicious, Cropps Pink, Granny Smith, Ida Red, Rome Beauty, and Northern Spy 

(Wojdylo et al. 2008)  

Apple consumption may reduce the risk of CVD. In a Finnish cohort study of 5100 men 

and women aged 30-69 the intake of flavonols with apples and tea were found to be inversely 

correlated with coronary mortality in women. (Knekt et al. 1996) More recently, studies 

investigating supplementation with apples have shown that flavonoids may interfere with the 

synthesis and secretion of LDL-C in the plasma.  

Apple supplementation of diets fed to rats demonstrated a hypo-cholesterolemic effect 

with an increase in plasma antioxidant capacity. (Leontowicz et al. 2002) Compared to pears 

and peaches, apples had the greatest cholesterol lowering effect than the other two fruits. 

(Leontowicz et al. 2002) Aprikian et al (2001) found that lyophilized apples supplemented with 
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cholesterol-diet, significantly decreased cholesterol and increased HDLs in rats. Additionally, 

cholesterol excretion in the rats fed apples suggested a decrease in cholesterol absorption. An 

increase in antioxidant capacity was attributed to decreased concentrations of nitric oxygen 

synthase (NO). NO concentrations are associated with IR and increased incidence of CVD. 

(Leontowicz et al. 2002; Aprikian et al. 2001) Not only does apple supplementation show 

hypocholesterolemic effect but also shows improvement in hyperinsulinemia. Rivera et al (2008) 

chronically administered 2 and 10 mg/kg of quercetin to obese Zucker rats. Researchers found 

that intake of quercetin reduced IR, dyslipidemia, and body weight in the rats. (Rivera et al. 

2008) Higher doses of quercetin reduced IR more significantly when compared to control rats. 

(Rivera et al. 2008) Thus apple supplementation may help reduce the risk of chronic disease. 

Because of their high antioxidant capacity, apple supplementation that results in lipid-lowering 

effects may prove useful in the therapeutic treatment of PCOS. The effect of apple 

supplementation in women with PCOS has not been studied. Since apple supplementation 

improves dyslipidemia and IR, women with PCOS may benefit from supplementation. Since 

women with PCOS present such atherogenic lipid profiles, perhaps, supplementation with apple 

polyphenols would reduce lipid concentrations. 
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CHAPTER III 

 

METHODS 

 

 

Subjects: 

College-age women with and without PCOS were recruited from the Tallahassee, FL area. 

Subjects in the PCOS group self-reported their diagnosis of PCOS. The women without PCOS 

had normal ovulating cycles (28±2 d) with no physical signs of hyperandrogenism and had 

similar heights and weights as the women with PCOS. The inclusion criteria required for 

participation in this study were: (1) not participating in weight training or cardiovascular exercise 

more than two times each week, (2) not currently take any medication to control blood glucose, 

hypertension, or dyslipidemia. This study was approved by the Human Subject Committee at 

Florida State University (Tallahassee, FL). 

 

Study Design 

In a 2x2 factorial design involving apples and exercise, subjects with PCOS were randomly 

assigned to the following treatments: 1) apples with exercise, 2) apples without exercise, 3) 

cereal with exercise, and 4) cereal without exercise. The subjects received the same treatment 

group throughout the 8 weeks of the study.  

 

Treatments 

Dried Rome apples purchased from Atwater Foods, LLC (Lyndonville, NY) were used in this 

study. Subjects who were assigned apple treatment received 56 bags containing 75g of the apples 

each. They were instructed to consume one bag everyday at their leisure. The 75g of apples 

contained 232 Kcal, <0.3g of fat, ~1 g of protein, 57g of CHO, and 6g of fiber. 

 

The control supplement used in this study was frosted mini wheats (Kellogg’s Inc., Battle Creek, 

MI). Subjects who were placed into the cereal treatments were given 56 bags containing 70g of 

the cereal. Similar to the apple treatments subjects were instructed to eat one bag everyday at 

their leisure. The 70g of cereal contained 241 Kcal, 0g fat, 4g protein, 56.7 g CHO, and 7g of 

fiber.  
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A spreadsheet was provided for the participants to track consumption of the supplement. 

Participants were called randomly to check on their progress and to gather 24 dietary recalls. 

Participants were asked to return the unused portion of the food. 

 

The exercise protocol consisted of resistance exercise 2 times a week supervised by a personal 

fitness instructor. Subjects followed a routine composed of 3 sets of 12 reps at a 12 rep max load 

with 60-90 seconds of rest between each set. The exercises included chest presses, leg presses, 

overhead presses, leg curls, seated rows, leg extensions, biceps curls, calf raises, seated dips and 

various abdominal exercises. All of the exercises were performed on MedX strength machines 

(MedX 96, Inc., Ocala, FL). 

 

All subjects were given Yamax Digi-walker electronic pedometers (Yamax USA, Inc., San 

Antonio, TX) and instructed in their use. Steps were tracked daily by the subjects. 

 

Procedure 

Before beginning the protocol, the experiment was explained in detail to all subjects, after which, 

they signed a consent form and filled out a health history questionnaire. (Appendix A) Baseline, 

midpoint, and endpoint measurements were taken 4 weeks apart. 

 

All subjects were studied between 0800 and 1030 h. Height and weight were measured on the 

morning of testing after a ~10 hour fast. BMI was calculated as weight (kg)/ height (m
2
). Waist 

and hip circumferences were measured according to the NHANES (NIH 1998) protocol using a 

BMS-8 measuring tape (Creative Health Products, Plymouth, MI). Waist measurements taken 3 

times, or until 3 measurements within 5% of each other were obtained. Blood pressure was 

measured in the seated position in the right arm after a 10-min rest period. The average of three 

measurements taken 2 minutes apart was the reported blood pressure.  

 

An experienced phlebotomist drew ~15ml of blood from the antecubital vein, which was 

cannulated with a butterfly needle (21G). After allowing the blood to clot for at least 30 minutes, 

it was centrifuged at 4000 rpm for 20 minutes at a temperature of 4˚C using an IEC CL31R 

multispeed centrifuge (Thermo Electron Corporation, Waltham, MA). The serum was then 
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aliquoted at -20˚C until needed for analysis. The sample was measured for glucose, insulin, 

androgens, lipids, and lipoprotein levels. 

 

Blood Analysis 

Serum glucose and lipid concentrations were measured using colorimetric assays on a Sirrus 

clinical analyzer (Stan Bio, Boerne, TX) with reagents obtained from Fischer Scientific, Inc. 

(Glucose Hex Reagent – cat# SBS1060600, Triglyceride Mono Reagent – cat# SBS2200750, Dir 

HDL-Chol Reagent – cat# SBS0590540, Dir LDL-Chol Reagent – SBS0710540, Cholesterol 

Reagent – cat#SBS1010750). 

 

Hormone concentrations were determined with enzyme linked immunoabsorbant assays 

(ELISAs). The principle of the tests is to allow the hormone and standards to bind to specific 

antibodies. In brief, blood is placed into a microwell, which is coated with antibodies which 

recognize the molecule being measured. Next, a secondary antibody which recognizes the 

primary antibody-antigen complex is placed into the well and catalyzes a reaction which yields a 

color. The concentration of the hormone is measured by the intensity of the color formed by the 

enzymatic reaction. By measuring the optical density of this color, the amount of the molecule 

can be quantified (Voller et al. 1978). All ELISA plates were read with Biotek Powerwave XS 

spectrophotometer (Winooski, VT). 

 

The minimum detectable concentration for insulin was 3 µIU/ml. Expected normal 

concentrations of insulin for this assay are between 5 – 25 µIU/ml. Insulin Resistance (IR) was 

estimated with the homeostatic model assessment of IR (HOMA-IR, Matthews et al. 1985, 

http://www.dtu.ox.ac.uk/index.php?maindoc=/homa/) using the following formula:  

HOMA-IR=Fasting glucose (mmol/l) x fasting insulin (µU/ml) 

22.5 

The women were classified as being IR in accordance with defined cutoff points for HOMA-IR 

≥ 2.5. (Keskin et al. 2005) 

 

Serum free and total testosterones (free T, tot T, respectively) and sex hormone binding globulin 

(SHBG) assay kits (11-FTSHU-E01, 11-TESHU-E01, and 11-SHBHU-E01) were designed to 

http://www.dtu.ox.ac.uk/index.php?maindoc=/homa/
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measure hyperandrogenic states in females. Upper limits of expected normal concentrations of 

free T, tot T, and lower than expected normal range concentrations for SHBG indicate more 

severe hyperandrogenic states. Expected normal concentration of free testosterone is between 

0.04-4.18 pg/ml. The minimum detectable concentration for free testosterone concentration is 

0.02 pg/ml. Expected normal concentrations for women for total testosterone is between 0.69 

nmol/l-3.47 nmol/l with minimum detectable levels at 0.07 nmol/l. The expected normal range 

concentrations for SHBG were 15-120 nmol/l and 0.1 nmol/l was the minimum detectable 

concentration. The free androgen index (FAI) was calculated as 100 x [(total) testosterone nmol/l 

/SHBG nmol/l]. (Bhattacharya et al. 2009) 

FAI=100 x [Tot T nmol/l/SHBG nmol/l] 

 

Statistical Analysis 

Statistical analyses were performed using SPSS for Windows, Version 16.0 (SPSS, Chicago, IL). 

Data is shown as mean ± SEM. Normal distribution was assessed using normality plots with the 

Shapiro-Wilk test used for significance. Testosterone, free testosterone, SHBG, and FAI were 

corrected for skewness by using log (natural) transformation, but are reported as untransformed 

values. An independent t-test was used to determine significant differences between women with 

PCOS and women without PCOS. An independent t-test was also run in the PCOS group: lean 

vs. overweight/obese as well as the controls: lean vs. overweight/obese. Pearson and spearman 

correlations were run on androgens, lipids, insulin, and HOMA-IR in women with PCOS, 

stratified by BMI to determine relationships between parameters. A one-way ANOVA was used 

to analyze any significant differences between the groups at baseline on all parameters tested. A 

factorial between-subject ANOVA was run to find significant effects at endpoint (apples, 

exercise, and apples+exercise). A paired t-test was used to determine differences in changes 

within treatment groups over an 8 week time period. Alpha was set at p-value of 0.05 (p<0.05).  
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CHAPTER IV 

 

RESULTS 

 

 

Characteristic of participants 

 

Baseline data was collected from twenty-two women with PCOS and twenty-two women without 

PCOS from the Tallahassee, FL area. Of the twenty-two subjects with PCOS, sixteen women 

completed the entire 8 weeks intervention. Baseline data was collected on twenty-two women 

without PCOS. Of the 22 women without PCOS, 4 completed the intervention. Due to high 

dropout rates women without PCOS were not included in the intervention analysis. Therefore, 

only baseline comparisons are reported between women with PCOS and controls. 

The mean age for women with PCOS was 22±0.67 with a mean BMI of 27.3±1.37 kg/m
2
. Total 

T levels mean was 5.76 nmol/l ±0.64; in which 18 out of the 22 women with PCOS were above 

the upper limit (upper limit 3.47 nmol/l). The mean SHBG level in women with PCOS was 

51.52±8.06 nmol/l. Fourteen women had SHBG levels less than the median, 59.59 nmol/l. FAI 

levels were averaged at 14.46±2.02 in the women with PCOS. Waist circumference mean was 

94.33cm ±3.11 where >88cm was present in 12 out of the 22 women with PCOS. Of these one 

had a BMI less than 25 kg/m
2
. Insulin levels were within normal limits in the majority of the 

women with PCOS, ranging from 5.00 µIU/ml-26.41 µIU/ml, with a mean of 13.05 µIU/ml 

±1.29. HOMA-IR mean (1.65±0.16) was below the cutoff point for IR, with 4 out of the 22 

women having HOMA-IR levels >2.5. Lipid means in women with PCOS were within normal 

limits except HDL where the mean was 37 mg/dl ±3.02, and only 23% of the women having >50 

mg/dl HDL. 

The mean age for women without PCOS was 20±0.64 with a mean BMI of 25.6±1.25 kg/m
2
. 

Total T levels in women without PCOS were averaged at 4.55 nmol/l ±0.56, where 11 out of the 

22 women had levels above the upper limit. SHBG mean levels in these women were 107.46 

nmol/l ±19.74, where 11 of the women had levels below the median for PCOS. FAI levels were 

averaged at 5.41±1.99 in the women without PCOS.  Waist circumference mean was 86.72 cm 

±2.56, where 7 out of the 22 women had WC >88cm. Of these one had a BMI less than 25 

kg/m2. The insulin mean was 12.03 µIU/ml ±1.61 ranging from 3.32 µIU/ml-34.62 µIU/ml. Of 
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these women 2 out of 22 had insulin levels >25µIU/ml. HOMA-IR mean was 1.60±0.20 where 2 

out the 22 women had HOMA-IR levels >2.5. An atherogenic profile was present in women 

without PCOS where total cholesterol had a mean of 205 mg/dL and LDL-C had a mean of 150 

mg/dl ±6.09 as well as low HDLs with a mean of 37 mg/dl ±2.08. There was a 91% occurrence 

of HDL levels to be lower than 50 mg/dl in the women without PCOS. 

 

Since significant hormonal and metabolic differences have been observed between lean and 

overweight/obese women with PCOS (Bik et al 2007), the participants were divided into two 

groups based on BMI. Of the participants with PCOS, eleven had a BMI ≤25 kg/m
2 

(ranging 

from 18.9 kg/m
2 

to 24.3 kg/m
2) and 11 participants with BMI ≥ 26 kg/m2 

( ranging from 26.6 

kg/m
2 

to 39.5 kg/m
2
). Of these 11, 7 had BMI >30 kg/m

2
. Of the twenty-two (n=22) height and 

weight-matched participants without PCOS fifteen women had BMI ≤25 kg/m2
 ranging from 

19.5 kg/m
2 

to 25.2 kg/m
2
 . Eight women had a BMI ≥ 26 kg/m2

 with a range of 26.5 kg/m
2
 to 

45.7 kg/m
2
. Of these, 2 participants had a BMI > 30 kg/m

2
.
 

 

Baseline comparisons 

Table 1 lists comparisons between women with PCOS and controls that had similar ages and 

BMI. The women with PCOS had a tendency for higher waist circumference than the women 

without PCOS (p<0.1). Insulin levels were not significantly different (13.05 µIU/ml ±1.29 vs. 

12.03 µIU/ml ±1.61) as were HOMA-IR levels (1.65±0.16 vs. 1.60±0.20). The women with 

PCOS had significantly lower in SHBG levels by about 50% but had surprisingly lower LDL 

(p<0.001), total cholesterol (p<0.001), and glucose (p<0.001) than the women without PCOS. 

HDL levels were similar in both groups. Free T (p<0.05) and FAI levels (p<0.001) were 

significantly higher in the women with PCOS when compared to women without PCOS. Total T 

levels were not statistically different between the two groups. There was also a tendency (p<0.1) 

for systolic blood pressure to be lower in the women with PCOS than the women without PCOS.  

 

In table 2 lean vs. overweight/obese women with PCOS were compared. The overweight/obese 

women with PCOS had significantly higher insulin and HOMA-IR levels than lean women with 

PCOS (p<0.001; p<0.001, respectively). No significant difference was found for total T, SHBG, 

and FAI although there was a tendency for free T to be higher in the lean women with PCOS. 
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There was also a tendency for lower total cholesterol in the overweight/obese group when 

compared to lean women with PCOS. Diastolic blood pressure tended to be higher in the 

overweight/obese women with PCOS. 

  

Table 3 shows a comparison between lean vs. overweight/obese women without PCOS, similar 

to the women with PCOS. Insulin and HOMA-IR were significantly higher in the 

overweight/obese women with PCOS compared to the lean women without PCOS (p<0.05; 

p<0.05, respectively). Contrary to expectations, SHBG levels were significantly higher in the 

overweight/obese control women than lean women (p<0.05). But no significant difference in 

total T, free T, or FAI. An atherogenic lipid profile was present in both lean and 

overweight/obese controls. Mean total cholesterol levels were >200 mg/dl in both groups. The 

mean LDL-C levels were >130 mg/dl with mean HDL levels <50 mg/dl. Systolic blood pressure, 

diastolic blood pressure, glucose, total cholesterol, HDL, LDL, and TG were not significantly 

different between the groups.  

 

Table 4 compares lean women with PCOS and lean control women. The lean women with PCOS 

were found to have almost double the concentration of free T (p<0.001) and two times greater 

FAI (p<0.05) than lean women without PCOS. However, the lean women without PCOS had 

higher glucose (p<0.05), total cholesterol (p<0.05), and LDL-C (p<0.05) than lean women with 

PCOS. Systolic blood pressure, diastolic blood pressure, HDL-C, TG, insulin, HOMA-IR, and 

total T were not significantly different between the lean women with PCOS and the lean 

controls. 

 

Table 5 compared overweight/obese women with PCOS and overweight/obese controls. The 

women with PCOS had significantly greater levels of total T and significantly lower SHBG than 

overweight/obese control women (p<0.05). There was a tendency for FAI to be greater in the 

women with PCOS. Glucose (p<0.001), total cholesterol (p<0.001), and LDL (p<0.001) were 

significantly higher in the control women than the women with PCOS. WC, insulin, HOMA-IR, 

free T, FAI, HDL-C, TG, systolic blood pressure, and diastolic blood pressure were not 

statistically significant between the groups. Waist circumference was well above 88cm in 
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overweight/obese women with and without PCOS group. In this study, the overweight/obese 

controls showed evidence of MetX with WC >88cm, HDL<50 mg/dl, and LDL-C >150 mg/dl. 

 

Correlation analysis 

In table 6, correlation analysis is shown for all women with PCOS. Analysis revealed a 

significant positive correlation between BMI and Insulin (r=.801, p<0.001), BMI and HOMA-IR 

(r=.790, p<0.001), BMI and WC (r=.932, p<0.001), insulin and WC (r=.932, p<0.001), and 

HOMA-IR and WC (r=.673, p<0.001). TGs were negatively correlated with total T (r=-.486, 

p<0.05) and FAI (-.448, p<0.05) in women with PCOS. There was a tendency for a positive 

correlation between FAI and BMI (r=.422, p=.057). 

 

Table 7 lists correlation analysis for the control group. Significant positive correlations were in 

BMI and insulin (r=.774, p<0.001), BMI and HOMA-IR (.745, p<0.001), BMI and WC (.958, 

p<0.001), WC and insulin (r=.729, p<0.001), WC and HOMA-IR (r=.692, p<0.001) and a 

negative correlation between BMI and FAI (-.577, p<0.001) and between LDL and FAI (r=-.445, 

p<0.05). There was a tendency for a negative tendency between HDL and HOMA-IR (r=-.399, 

p=.066).  

 

In table 8, the lean women with PCOS, BMI and total T levels were positively correlated 

(r=.718, p<0.05) as were FAI and LDL (r=.673, p<0.05). A tendency for a significant negative 

correlation was observed with free T and HDL (r=-.578, p<0.1). Table 9 shows significant 

positive correlations in lean control women between WC and BMI r=.768, p<0.001), and a 

negative correlation between free T and HDL (r=-.564, p<0.05). 

 

Table 10 lists correlation analysis in the overweight/obese women with PCOS. There were 

positive significant correlations between insulin and BMI (r=.766, p<0.001), HOMA-IR and 

BMI (r=.756, p<0.001), and WC and BMI (r=.784, p<0.001). WC and total t were negatively 

correlated (r=-.664, p<0.05) as were TGs and total T (r=-.718, p<0.05) in this group. TGs were 

significantly correlated to WC (r=.649, p<0.05), and negatively correlated to total T (-.718, 

p<0.05), free T (r=-.845, p<0.001), and FAI (r=-.673, p<0.05). LDL and free T levels had a 

tendency for significance in this group (p<0.1). There was also a tendency for significance 
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between FAI and BMI (r=.422, p=.057) and negative tendency for SHBG and BMI (r=-.552, 

p=.098).  

 

In table 11, overweight/obese women without PCOS showed significant positive correlations for 

insulin and BMI (r=.788, p<0.05), BMI and HOMA-IR (r=.767, p<0.05), and BMI and WC 

(r=.951, p<0.001). Insulin and WC (r=.743, p<0.05) was positively correlated in this group as 

well as HOMA-IR and WC (r=.720, p<0.05). There was a tendency for significant positive 

correlation between SHBG and total cholesterol in this population.  

  

Androgen Correlation analysis (table 12) 

In all women with PCOS there was a significant negative correlation between FAI and SHBG 

(r=-.548, p<0.05) and FAI and total T levels (r=.484, p<0.05). There was a tendency for 

significance between FAI and free T (r=.355, p=.115). In all women without PCOS there was a 

significant positive correlation between free T and total T (r=.893, p<0.001) as well as FAI and 

total T (r=.631, p<0.001). There was a negative correlation between FAI and SHBG (r=-.758, 

p<0.001) and a tendency for significance between FAI and free T in the control women. 

 

In the lean women with PCOS there were only tendency for significance between FAI and free T 

as well as FAI and total T levels. In the lean women without PCOS there was only a negative 

correlation between FAI and SHBG (r=-.827, p<0.001). In the overweight/obese women with 

PCOS there was a significant positive correlation between FAI and free T (r=.673, p<0.05) and 

between free T and total T (r=.800, p<0.05). There was a negative correlation between FAI and 

SHBG (r=-.673, p<0.05) in the overweight/obese women with PCOS. In the overweight/obese 

women without PCOS there was also a negative correlation between FAI and SHBG (r=-.786, 

p<0.05) and a tendency for significance between free T and total T.  

 

The effects of dried apple supplementation and exercise in women with PCOS 

Tables 13 shows baseline measurements before treatment among various parameters measured. 

Table 14 shows the endpoint values after intervention. 
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There was no significant difference among groups at baseline (table 13). A factorial between-

subject ANOVA found no significant effects by treatment of apples, exercise, or apples and 

exercise (table 14). There was a tendency for the exercise to have an effect on WC and weight 

but these same groups had a tendency to have higher WC at baseline when compared to the 

groups with no exercise. Apples showed a tendency for effect on free T levels (p<0.1). 

Significant changes in parameters in tables 13&14 are marked with superscript letters (
a-d

: 

p<0.05 significant difference within treatments after intervention).  

 

In the apples and no exercise group, a significant increase in SHBG (
a
) occurred after the 8 week 

intervention (44.70 nmol/l ±11.15 to 128.54 nmol/l ±11.68). A significant decrease in the FAI 

index (
a
) also occurred in this group after the intervention (16.54±3.58 to 3.12±0.55

a
).  

 

In the exercise and no apples group, a significant increase in serum glucose was observed after 

the intervention (84 mg/dl ±3.79
b 
to 91 mg/dl ±5.29

b
). 

 

 In the no apples and no exercise group, significant increases in serum glucose (84 mg/dl ±3.79
c
 

to 91 mg/dl ±2.96
c
), total cholesterol (165 mg/dl ±11.59

c
 to 181 mg/dl ±10.68

c
), and LDL levels 

(115 mg/dl ±15.80
c
 to 119 mg/dl ±14.25

c
) were found after the intervention period.  

 

The apples and exercise group, were found to have total T levels significantly decreased after the 

intervention period (5.94 nmol/l ±1.38
d
 to 4.05 nmol/l ±0.60

d
), accompanied by a significant 

increase in total cholesterol levels (160 mg/dl ±17.53
d
 to 180 mg/dl ±16.89

d
) as well as LDL-C 

levels (104 mg/dl ±17.89
d
 to 115 mg/dl ±19.00

d
). 
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CHAPTER V 

 

DISCUSSION 

 

Insulin and HOMA-IR in women with and without PCOS  

Hyperinsulinemia associated with PCOS has been shown to increase the risk of CVD. 

Studies have shown that increases in serum insulin levels stimulate ovarian androgen production 

and also inhibit hepatic production of SHBG in women with PCOS. (Nahum et al. 1995; 

Moghetti et al. 1996; Peltoketo et al. 1999) Additionally, reports show that insulin levels are 

significantly higher in women with PCOS when compared to women without PCOS. 

(Baranowska et al. 1999; Matalliotakis et al. 2006) Although, insulin levels in the women with 

PCOS in this study were not significantly different than the women without PCOS.  Insulin 

levels were within normal limits in 93% of the women in this study.  

Compared to lean women with PCOS, the overweight/obese women with PCOS had 

significantly higher insulin levels and were significantly correlated with BMI and WC. Similarly, 

the overweight/obese women without PCOS also had significantly higher insulin levels when 

compared to lean women without PCOS. In comparison, a study by Vrbikova et al (2004) found 

that insulin levels were significantly higher in obese women with PCOS when compared to lean 

women with PCOS as well as lean women without PCOS.  

HOMA-IR levels were similar in the women with and without PCOS. In this study, 

HOMA-IR levels were below the cut-off point of 2.5 in 86% of women with and without PCOS. 

There were twice as many women with a HOMA-IR of ≥2.5 in the PCOS group compared to 

women without PCOS (18% vs. 9%, respectively). HOMA-IR levels, concomitant with insulin 

levels, were significantly less in lean women of the study than the overweight/obese women with 

and without PCOS.  

Studies have shown a positive correlation between insulin levels, IR, and androgens in 

women with PCOS. (Dunaif et al. 1997; Yucel et al. 2005) Correlation analysis in this study 

revealed no significant association between HOMA-IR and androgens or insulin and androgens 

measured in women with PCOS participating in this study. There was a tendency (p<0.1) for FAI 

to be positively correlated with BMI. Correlation analysis of the subsets of women with PCOS in 

this study also revealed no significant correlations between insulin, IR, and androgens. However, 

in the lean women with PCOS there was a tendency for positive correlation between insulin and 
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FAI as well as HOMA-IR and FAI. In the overweight/obese women with PCOS there was a 

tendency for a negative correlation between insulin and FAI.  

Obesity has been shown to correlate with insulin levels in women with PCOS. (Hoeger 

et al. 2006) Insulin levels are also associated with android fat distribution in women with PCOS. 

Android pattern obesity is highly prevalent among women with PCOS and is also strongly 

associated with hyperandrogenism. (Moran and Teede 2009) Additionally, IR and android 

pattern obesity are considered the dominant underlying risk factors for developing MetX. 

(Korhonen et al. 2003; Cussons et al. 2008). This type of obesity in women with can increase 

androgen levels as well as insulin levels that create a vicious cycle to further exacerbate clinical 

features of PCOS. (Corbould et al. 2007; Diamanti-Kandarakis et al. 2007; Ahima et al. 

2000) 

In this study, BMI and WC were positively correlated to insulin levels in women with 

and without PCOS. Yucel et al (2005) found higher levels of insulin in women with PCOS who 

had higher android adiposity and elevated free T. In the present study, the women with PCOS 

had a tendency for higher WC than women without PCOS, however in the lean women with 

PCOS of this study, BMI was positively correlated with total T. FAI and BMI had a tendency for 

a positive relationship in all women with PCOS and a negative tendency in the women without 

PCOS. There was also a tendency for significance in the lean women with PCOS between 

HOMA-IR and FAI.  

  

Androgen profile in women with and without PCOS 

Several studies report that in women with PCOS, serum T levels are at the upper limit of 

normal levels while SHBG levels are depressed. (Hoeger et al. 2006) In the present study, the 

women with PCOS had significantly lower SHBG levels and elevated total T levels when 

compared to women without PCOS. In the women with PCOS, 82% had total T levels higher 

than the upper limit. In the women without PCOS, 50% had total T levels above the upper limit. 

Total T levels were similar in the women with PCOS, however, in the women without PCOS the 

lean women tended to have a higher total T level than the overweight/obese women. The lean 

women with and without PCOS had similar total T levels in this study. In the overweight/obese 

women with PCOS, total T levels were significantly higher than the overweight/obese women 



34 

 

without PCOS. Free T levels were also significantly higher in the women with PCOS when 

compared to the women without PCOS. The lean women with PCOS had a tendency to have 

higher free T levels than the overweight/obese women with PCOS as well as the control women. 

This observation is conflicting where another study compared lean and obese women with PCOS 

and reported higher free T levels in the obese women. (Ciampelli et al. 1999)  

Lower levels of SHBG are associated with hyperandrogenemia and hyperinsulinemia as 

wells as obesity. (Korhonen et al. 2003; Cussons et al. 2008; Hoeger et al. 2008) 

Hyperinsulinemia inhibits hepatic synthesis of SHBG, increasing the amount of free androgens 

that is further exacerbated by obesity in women with PCOS. A study by Cupisti et al (2007) 

found that SHBG levels were significantly lower in overweight women with PCOS. SHBG 

levels in 64% of the women with PCOS in this study had levels below the overall mean. In the 

women without PCOS, only 45% had SHBG levels lower than the overall mean. In this study 

SHBG levels were not significantly different between lean and overweight/obese women with 

PCOS. This indicates that perhaps insulin may not have influenced excessive androgen 

production as reported in other studies since this population had within normal limits of insulin. 

In the control women, lean women were found to have significantly lower SHBG levels when 

compared to the overweight/obese normal women. Although SHBG levels have been associated 

with hyperinsulinemia in women with PCOS, in this study, correlation analysis between insulin 

and SHBG were not significantly correlated. Women in this study were not hyperinsulinemic 

thus SHBG was not associated with insulin as reported by other studies.  

The FAI is indicative of T levels in women with PCOS. FAI was higher in the lean women 

with PCOS when compared to overweight/obese women with PCOS and the women without 

PCOS. In the overweight/obese group women with PCOS had slightly higher FAI when 

compared to overweight/obese women without PCOS but were not significantly different. There 

was significant difference of FAI levels between lean and overweight/obese women with PCOS 

in this study, indicating that free T levels were significantly higher in lean women with PCOS. 

FAI in women with PCOS was associated with lower levels of SHBG as well as high total T 

levels. There was also a tendency for FAI and free T to be positively correlated in the women 

with PCOS. This indicates that women with PCOS that have higher levels of free T will also tend 

to have a higher FAI. In the women without PCOS, the same observation was found, in which 
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free T and FAI tended to positively correlate.  FAI has been shown to significantly correlate with 

free T levels in women with PCOS, but in this study correlation analysis only revealed 

tendencies between FAI and free T levels in women with PCOS. Although no significant 

correlation was found, higher FAI levels in this study were reflective upon free T levels, at least 

in the lean women with PCOS. Other correlation analysis did reveal a positive correlation 

between FAI and BMI in the lean women with PCOS but not in the overweight/obese women 

with PCOS. This may indicate that in lean women with PCOS, adiposity level may affect 

androgen levels more than in overweight/obese women with PCOS. Insulin levels may play an 

adjunct role, in which overweight/obese women are affected more by higher insulin levels rather 

than adiposity alone.  

Lipids in women with and without PCOS 

In the presence of hyperandrogenism and hyperinsulinemia, an atherogenic lipid profile 

has also been found in women with PCOS. Studies have found that the lipid profile in women 

with PCOS is characterized by elevated TG, LDL, and reduced HDL levels. (Valkenburg et al. 

2008, Chen and Yang et al. 2006; Macut et al. 2008) These abnormal lipid levels increase the 

risk of developing CVD and MetX in women with PCOS. (Chen and Yang et al. 2006; Macut 

et al. 2008) In this study, however, the women without PCOS had a more atherogenic profile 

compared to women with PCOS. The women without PCOS had significantly elevated total 

cholesterol and LDL levels than the women with PCOS. HDL levels were not significantly 

different between the groups but were below the recommended 50 mg/dl in both groups. This 

population of women without PCOS demonstrated an increased risk for developing CVD.   

Most of the women recruited for this study lived in campus dormitories that may have 

influenced dietary intake. A recent study by Nelson et al (2009) reported that students living in 

dorms on campus maintain a high amount of food items that are less healthful. These food items 

mainly consisted of salty snack, granola bars, desserts, candy, and sugar-sweetened beverages. 

Another study by Morse et al (2009), also reported disordered eating patterns in students where 

5-7% of the students typically ate a fast food meal more than once a day. These dietary habits 

may have been present in this population of women without PCOS that may attribute to their 



36 

 

atherogenic lipid profile. Fasting glucose levels of the control group were found to be 

significantly higher than lean and overweight/obese women with PCOS. 

Effect of Androgen on Lipid levels at baseline  

In the women with PCOS, significant negative correlations were observed between total 

T and TG as well as FAI and TG. There was a tendency for significance between free T and TG. 

In the women without PCOS significant negative correlation was present between LDL and FAI 

as well as a tendency for significance between LDL and total T. HDL and HOMA-IR levels also 

had a tendency for negative correlation and between total cholesterol and FAI. In the lean 

women with PCOS a positive correlation between FAI and LDL levels were observed but not in 

the overweight/obese women with PCOS. There were significant negative correlations between 

TGs and total T, TGs and free T, as well as TGs and FAI in the overweight/obese women with 

PCOS. TGs also positively correlated with WC in the overweight/obese group. There was a 

tendency for significance between LDL and free T in this group also. Although the women with 

PCOS presented a less atherogenic lipid profile when compared to women without PCOS, the 

relationship between FAI and LDL was observed in the lean women with PCOS.  

Intervention Analysis: dried apple supplementation and exercise in women with PCOS 

In the present study, the interventions were designed to attenuate the parameters of MetX 

in women with PCOS. Dried apple supplementation and exercise in women with PCOS for 8 

weeks was expected to improve IR, androgen status, and signs of MetX. Studies have shown that 

exercise significantly improves hormone and metabolic function in women with PCOS. 

(Vigorito et al. 2007; Thompson et al. 2008; Bruner et al. 2006) In rats, apple 

supplementation has been shown to increase plasma antioxidant capacity and have a hypo-

cholesterolemic effect. (Leontowicz et al. 2002) Androgens, lipids, and anthropometric 

measures were taken at baseline and after 8-weeks of intervention. Women with PCOS were 

randomized into one of the following groups: 1) apples and no exercise, 2) no apples and 

exercise, 3) no apples and no exercise, 4) apples and exercise.  

At baseline, there were no significant differences between the various treatment groups as 

analyzed by one-way ANOVA. Factorial between-subject ANOVA analysis at endpoint showed 

no significant effect of apple supplementation, exercise, and apples-exercise. However, paired t-



37 

 

test of baseline to endpoint measurements within each group found significant changes in several 

parameters after the 8-week intervention. 

In the apple-no exercise group, total t and free T levels were above the upper limit and 

SHBG levels were lower than the mean in all the women with PCOS. Similarly, the no apple-no 

exercise group and the apples-exercise group also had elevated total T levels as well as lower 

SHBG levels than the mean of all women with PCOS. In the apple-no exercise group, FAI mean 

was higher than all the women with PCOS in the study. After the intervention, within the apple 

supplementation-no exercise group SHBG levels significantly increased. This changed was not 

observed in the apples-exercise group but total T significantly decreased in this group. A 

tendency for a decrease in total T in the apples-no exercise group was observed. FAI was 

significantly decreased, concurrent with significant increases in SHBG, in the apple-no exercise 

group but none in the apple-exercise group. The effect of apples and/or exercise revealed 

tendencies between free T and apples as well as exercise to have a tendency to effect weight and 

WC in the women of the intervention study. Overall, the women in the apple-no exercise group 

tended to have lower WC and BMI, although not significantly different, than the other three 

groups of the intervention study. Changes observed in free T and SHBG, at least in this 

population, were not affected by adiposity levels in the women. Total T may be more influenced 

by adiposity levels as seen in the apple-exercise group, where this group had higher WC and 

BMI mean values. The apples and exercise may have synergistic effect in decreasing total T as 

seen in the apple-exercise group of this study. Apple supplementation has not been previously 

studied in women with PCOS but a tendency for significance seen in this analysis may prove 

beneficial for future research in this population of women. 

There was a significant increase in serum glucose levels in the no apple treatment groups 

with a tendency for the apple-no exercise group to have an increase in serum glucose levels. 

There was no change in the apple-exercise group. Perhaps the exercise had an additive effect 

with the apples in preventing an increase in serum glucose levels. The placebo for apples was 

frosted mini wheats which may have increased glucose levels as seen here.  

The lipid profile was not atherogenic in any of the groups, except for below the 

recommended HDL concentrations of 50 mg/dl. Although not statistically significant, HDL 

levels of the exercise groups had a tendency to increase (p<0.1). It is well established that 

exercise is beneficial for weight loss and decrease in adiposity levels. Improvements in HDL 
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levels support literature showing that exercise improves HDL concentrations perhaps by 

improving insulin sensitivity. (Hoeger et al. 2006; Bruner et al. 2006).   

Significant increases total cholesterol was observed in both the no apple-no exercise 

group and apple-exercise group. The no apple no exercise group also had a significant increase in 

LDL-C levels and tendency for increases in concentrations in the apple-exercise group. It has 

been well established that exercise improves lipid levels in women with PCOS (Brown et al. 

2008; Palomba et al. 2008); however this group did not show the same results. Perhaps the 

exercise oxidation rate was higher than the antioxidant capacity of the apples in this study 

resulting in increased cholesterol levels. Another reason may have been because the exercise 

protocol was minimal (2 times a week) and women with PCOS, perhaps, may need more intense 

regular exercise to improve lipid levels. The no apple-no exercise group were not expected to 

have increased cholesterol levels, however, this group had no intervention attributing to their 

cholesterol concentrations.TG levels in this population were not significantly affected by any of 

the interventions. 

Researchers have found that intake of polyphenols reduced IR, dyslipidemia, and body 

weight in obese Zucker rats, perhaps, the amount of polyphenols given in the intervention were 

not enough to produce effect. (Rivera et al 2008) The women in this study were not IR, 

according to HOMA-IR, so it was expected that IR would result in not being significantly 

different after the intervention. Research has shown that IR and secondary hyperinsulinemia 

affects approximately 65-70% of women with PCOS. (DeUgarte et al. 2005) In this group of 

women with PCOS, only 24% of women were IR. The prevalence of IR was low before 

intervention therefore improvements would seldom arise.  The groups with exercise tended to 

have higher WC and BMI at baseline. Other studies have shown that weight reduction through 

dietary-intervention increases SHBG levels as well as decreases in free T levels. (Kiddy et al. 

1997; Jakubowicz et al.; Moran et al. 2009) In addition to dried apple supplementation, a 

hypocaloric diet may have benefited the women in the intervention groups inducing weight loss 

and further improving metabolic and endocrine levels. Furthermore, Bruner et al (2006) revealed 

that combined endurance and resistance exercise with nutrition counseling in a 12-week 

intervention, showed significant reduction in adipose tissue as well as significant reduction in 

insulin and total T levels that may benefit women with PCOS more. (Bruner et al. 2006) 
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CHAPTER VI 

CONCLUSION 

 

Women with and without PCOS had similar levels of insulin and HOMA-IR in this 

study. Insulin and HOMA-IR were positively correlated with BMI and WC in all women of the 

study. These parameters were also significantly higher in the overweight/obese women than the 

lean women in this study. Prevalence of IR ≥2.5 was 18% in the women with PCOS vs. 9% in 

the women without PCOS. Other studies have found significant correlations between insulin 

levels and SHBG, however in this study no correlation found. Insulin and HOMA-IR levels were 

within normal limits in 93% of women with PCOS in this study suggesting that SHBG levels 

would not be significantly affected. In all women with PCOS, insulin tended to increase with 

FAI levels suggesting that women who were more hyperandrogenic were more 

hyperinsulinemic.  

Women with PCOS had higher free T levels and significantly lower SHBG levels than 

women without PCOS in this study. The FAI was significantly higher in the women with PCOS 

when compared to the women without PCOS. FAI had a tendency to increase as free T levels 

increased in all the women of the study, which is concurrent with other published literature. 

(Diamanti-Kandarakis et al. 2006) FAI had a tendency to increase as BMI increased in women 

with PCOS, however, in women without PCOS FAI was negatively associated with BMI in 

women without PCOS. SHBG were similar in the lean women of this study but significantly 

lower in the overweight/obese women with PCOS when compared to overweight/obese women 

without PCOS. SHBG had a tendency to negatively correlate with BMI in the overweight 

women with PCOS only. Additionally, SHBG was negatively correlated with FAI in all women 

in the study. Other studies have also observed that low levels of SHBG are associated with 

increased concentrations of androgens that result in a more androgenic profile. (Hoeger et al. 

2006, Carmina et al. 2006) This observation would indicate that the women in this population 

who were more hyperandrogenic had significantly lower levels of SHBG; however, in the lean 

women with PCOS, FAI and SHBG were not significantly correlated. The lean women with 

PCOS in this study presented higher FAI levels than all other women, which conflicts with 

published literature and the initial observation aforementioned.  
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In 82% of the women with PCOS total T levels were above the upper limit, and had a 

tendency to increase with BMI. Overall, compared to women without PCOS total T levels were 

similar in the women with PCOS because variance was so large. Total T levels were significantly 

higher in the overweight/obese women with PCOS when compared to the overweight/obese 

women without PCOS but no significant difference in the lean women with and without PCOS. 

Correlation analysis did reveal that total T levels had a tendency to increase with BMI in the 

women with PCOS supporting the observation that overweight/obese women with PCOS are 

more hyperandrogenic.  

In this population, women with PCOS presented a less atherogenic lipid profile when 

compared to the women without PCOS. Total cholesterol, LDL, and glucose were significantly 

higher in the women without PCOS. HDL and TG levels were similar between the groups. Other 

studies have found that women with PCOS have elevated TG, LDL, and reduced HDL; however 

in this study lipid levels, with the exception of low HDL, were within normal limits in the 

women with PCOS. The lean women with PCOS tended to have higher cholesterol levels but not 

enough to reach significance because variance was large. In accordance with other published 

studies, HDL concentrations were the predominant lipid abnormality in this population of 

women with PCOS. (Westerveld 2008; Valkenburg et al. 2008) HDL concentrations tended to 

negatively correlate with free T levels in lean women with and without PCOS.  

Women with PCOS in this study had TG concentrations that were negatively correlated 

with total T and FAI and tended to decrease as free T levels increased. The overweight/obese 

women with PCOS produced more significant correlations between TG and the androgen profile. 

As androgen levels increased TG concentrations significantly decreased in the overweight/obese 

women with PCOS. These observations were not seen in the women without PCOS. LDL levels 

were positively correlated with FAI in the lean women with PCOS only with no other 

correlations observed between other parameters for all women in this study.  

Overall, the women without PCOS presented a more atherogenic lipid profile suggesting 

that this population of women were generally unhealthy and at increased risk for developing type 

2 diabetes, MetX, and CVD. The women without PCOS were recruited mostly from on-campus 

dorms, perhaps, dietary intake of these women are high in fat and calories contributing to their 

elevated lipid levels as well as glucose. Another explanation may be that the women recruited 
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were not fasting long enough and as a result their lipid and glucose levels were significantly 

higher.  

 

 

Hypotheses Tested:  

Hypothesis 1: A more atherogenic lipid profile will be present in the women with PCOS when 

compared to the women without PCOS 

Lipid levels in the women with PCOS were significantly lower than women without PCOS in 

this study. Total cholesterol and LDL were significantly higher (p<0.001) than the women with 

PCOS. HDL levels were low in both women with PCOS and women without PCOS. TG levels 

were not significantly different between women with and without PCOS. Total cholesterol, LDL, 

and TG levels were within normal limits in the women with PCOS with the exception of low 

HDLs.  

 

Hypothesis 2: Insulin and HOMA-IR values will be significantly higher in women with PCOS 

when compared to women without PCOS 

Insulin and HOMA-IR levels were not significantly different between the groups of this study. 

However, the lean women with and without PCOS had significantly lower insulin and HOMA-

IR levels when compared to the overweight/obese women with and without PCOS (p<0.001). 

 

Hypothesis 3: Androgens will be positively correlated with IR in all women with PCOS. IR will 

be inversely correlated with SHBG concentrations in all women with PCOS 

In all women with PCOS, androgens were not correlated with IR. IR was present in 18% of 

women with PCOS of this study, with the majority of women having insulin levels within normal 

limits. There was a tendency for insulin to increase with FAI level in women with PCOS. Since 

most of the women in this study were not IR, androgen levels were not correlated as would be 

expected in women with PCOS.   

In all women with PCOS, IR was not inversely correlated with SHBG levels. The same 

observation was seen in all women without PCOS. Since IR was not present in the majority of 

women of this study, correlation would not be expected as originally proposed.  
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Hypothesis 4: The prevalence of MetX will be significantly higher in the women with PCOS 

when compared to the women without PCOS 

In this population of women with PCOS, the prevalence of MetX was less when compared to 

women without PCOS. Out of all the women with PCOS only one subject satisfied 3 out of 4 of 

the criteria for diagnosing MetX. Most of the women with PCOS satisfied 2 of the 4 criteria for 

diagnosing MetX. In the women without PCOS, only 2 subjects presented 3 of the criteria to be 

diagnosed with MetX. Similar to the women with PCOS, most of the women without PCOS 

presented 2 of the 4 criteria for MetX. The women with PCOS tended to have higher WC when 

compared to women without PCOS, however the women without PCOS had significantly higher 

serum glucose levels than the women with PCOS (p<0.001). Overall the women without PCOS 

presented a more atherogenic lipid profile when compared to the women with PCOS suggesting 

that in this population of women, women without PCOS were at a higher risk for MetX.  

 

Hypothesis 5: The hypothesis for the second aim is that apple polyphenols and exercise reduce 

the symptoms of MetX, and improve the androgen and lipid profile. 

In the majority of women in the intervention, MetX was not present to begin with therefore 

reducing symptoms of MetX was not seen.  

The women that consumed apple polyphenols only significantly improved SHBG and FAI levels 

after the intervention (p<0.05). SHBG levels significantly increased in these women concurrent 

to FAI levels being significantly reduced. This observation indicates that apple polyphenol 

supplementation in women with PCOS may have a tendency to decrease free T and total T levels 

as well as increase SHBG levels. Free T levels tended to be more significantly affected by apple 

supplementation alone than with exercise or combination therapy in this population of women 

with PCOS. Combination therapy of exercise and apples showed significant reductions in total T 

(p<0.05) and significant increases in total cholesterol and LDL concentrations (p<0.05). SHBG 

levels did improve in this group but did not reach statistical significance perhaps because of the 

large variance of concentrations observed between these women. The exercise had a tendency to 

affect WC and weight more than apple supplementation in this study.  

The lipid profile did not improve with apple supplementation, exercise or combination therapy.  

 

 



43 

 

Limitations 

Studies show that insulin levels and IR is more severe in women with PCOS who are 

anovulatory than in women who are equally hyperandrogenic but have normal cycles suggesting 

that IR contributes to anovulation. (Sharp et al 1991; Botwood et al 1995) Sharp et al (1991) 

reported that basal insulin levels in women with irregular cycles or amenorrhea were 

significantly higher than women with regular ovulatory menses. Ovulation is taken to have 

occurred when serum progesterone is ≥ 8ng/ml. (Abdulla et al 1983) Measuring progesterone 

levels in these women may have aided in distinguishing women who were anovulatory and those 

that ovulated. Despite elevated androgen levels in the present study menstrual cycle or 

amenorrhea was not monitored, so it is possible that there was a variance of cycling and 

amenorrheic women in this study group.  

Blood was taken randomly in this study. Other studies have shown that androgens 

fluctuate during the menstrual cycle in normal women. (Salonia et al 2008) Measuring blood 

concentration of androgens during the mid-follicular phase of the menstrual cycle would have 

benefited because the least variation has been observed in women during this phase.  

Other limitations of this study would include diet and sample size. Diet was not 

controlled in this study. Several other published studies have shown that dietary-induced weight 

loss has improved metabolic and reproductive function in women with PCOS. (Kiddy et al 

1992; Huber-Buchholz et al 1999; Hoeger KM 2006) Controlling for diet may have been 

beneficial in this population of women with PCOS. Sample size was small in this study.  There 

were only 22 women compared to women without PCOS and only 16 women who completed the 

intervention. With such small sample sizes, standard deviations were very large and may explain 

the lack of significance in parameters of this study.    

 

Future Research 

In this study, androgens were not significantly correlated with insulin and HOMA-IR. Measuring 

other abnormal markers seen in women with PCOS, such as inflammatory markers, may produce 

significant associations with hyperandrogenism or hyperinsulinemia which is commonly seen in 

women with PCOS.  
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TABLES 

 

Table 1: Anthropometric, metabolic, androgen, and lipid profile of women with and without 

PCOS 

 

 Women with PCOS Women without PCOS P-value 

 N=22 N=22  

Age (yrs)  22±0.67 

(18-29) 

20±0.65 

(18-31) 

.540 

Weight (kg) 74.55±3.67 

(50.8-110.6) 

69.59±3.13 

(53.1-117.0) 

.310 

Waist circumference 

(cm) 

94.33±3.11 

(71.9-126.6) 

86.72±2.56 

(72.5-124.3) 

.065 

BMI (kg/m
2
) 27.3±1.37 

(18.9-39.5) 

25.6±1.25 

(19.5-45.7) 

.363 

Insulin (µIU/ml) 13.05±1.29 

(5.00-26.41) 

12.03±1.61 

(3.32-34.62) 

.623 

HOMA-IR 1.65±0.16 

(0.60-3.30) 

1.60±0.20 

(0.40-4.30) 

.859 

Total T (nmol/l) 5.76±0.64 

(1.54-14.39) 

4.55±0.56 

(2.14-11.50) 

.110 

SHBG (nmol/l) 51.52±8.06 

(10.14-172.83) 

107.46±19.74 

(15.53-275.64) 

.011* 

Free T (pg/ml) 1.91±0.25 

(0.72-6.11) 

1.28±0.21 

(0.20-4.14) 

.016* 

FAI 14.46±2.02 

(3.10-34.86) 

5.41±1.99 

(0.43-36.11) 

.000* 

Glucose (mmol/L) 4.83±1.06 

(77-98) 

5.33±1.74 

(83-118) 

.000* 

Total Cholesterol 

(mmol/L)  

4.25±6.78 

(114-223) 

5.31±5.84 

(166-264) 

.000* 

HDL-C (mmol/L) 0.96±3.02 

(12-60) 

0.96±2.08 

(21-53) 

.921 

LDL-C (mmol/L) 2.82±6.88 

(55-154) 

3.89±6.09 

(110-211) 

.000* 

Triglycerides 

(mmol/L) 

2.41±8.29 

(41-168) 

2.36±5.64 

(46-134) 

.843 

Systolic BP (mmHg) 100±1.92 

(80-114) 

106±2.08 

(91-125) 

.068 

Diastolic (mmHg) 70±1.78 

(50-85) 

71±1.65 

(60-88) 

.767 
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Table 2: Lean vs. overweight/obese women with PCOS 

 

 

 

 

  Lean women with 

PCOS  

Overweight/obese women with 

PCOS 

P-value 

 N=11 N=11  

Age (yrs)  23±1.05 (18-29) 22±0.88 (18-28) .474 

Weight (kg) 61.1±2.20 (51-72.1) 88.0±3.94 (65.2-110.6) .000* 

Waist circumference 

(cm) 

82.52±1.74 106.15±3.09 .000* 

BMI (kg/m
2
) 22.1±0.56 (18.9-24.3) 32.6±1.42 (26.55-39.51) .000* 

Insulin (µIU/ml) 9.46±0.95 16.64±1.87 .003* 

HOMA-IR 1.2±0.13 2.09±0.23 .003* 

Total T (nmol/l) 5.80±1.17 5.72±0.61 .512 

SHBG (nmol/l) 52.53±6.84 49.27±14.48 .568 

Free T (pg/ml) 2.10±0.37 1.46±0.17 .065 

FAI 11.71±2.33 17.48±3.23 .159 

Glucose (mmol/L) 4.81±1.96 4.81±0.95 1.000 

Total Cholesterol 

(mmol/L) 

4.58±8.10 3.93±9.79 .065 

HDL-C (mmol/L) 1.03±3.71 0.86±4.75 .296 

LDL-C (mmol/L) 3.00±8.15 2.64±11.03 .304 

Triglycerides (mmol/L) 2.67±12.71 2.15±10.40 .296 

Systolic BP (mmHg) 98±2.61 102±2.82 .344 

Diastolic (mmHg) 66.9±2.55 73±2.15 .064 
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Table 3: Lean vs. overweight/obese women without PCOS 

 

 

 

  Lean Controls  Overweight/obese Controls P-value 

 N=14 N=8  

Age (yrs)  21±0.65 (18-31) 19±0.68 (18-22)  

Weight (kg) 61.72±1.84 (53.1-70.9) 83.3±5.53 (67.4-117.0) .000* 

Waist circumference 

(cm) 

79.86±1.41  98.16±4.34 .000* 

BMI (kg/m
2
) 22.1±0.55 (19.5-25.2) 31.3±2.26 (26.47-45.70) .000* 

Insulin (µIU/ml) 9.27±1.28 16.86±3.29 .019* 

HOMA-IR 1.28±0.17 2.19±0.41 .026* 

Total T (nmol/l) 4.96±0.69 3.83±0.98 .158 

SHBG (nmol/l) 103.01±29.40 113.83±26.67 .010* 

Free T (pg/ml) 1.16±0.22 1.48±0.45 .186 

FAI 6.83±3.02 3.27±0.59 .302 

Glucose (mmol/L) 5.28±2.30 5.32±2.76 .678 

Total Cholesterol 

(mmol/L) 

5.20±7.17 5.49±10.16 .387 

HDL-C (mmol/L) 1.00±2.22 0.88±4.18 .293 

LDL-C  (mmol/L) 3.72±6.42 4.10±11.67 .280 

Triglycerides (mmol/L) 2.24±7.55 2.47±7.46 .554 

Systolic BP (mmHg) 105±2.66 106±3.17 .757 

Diastolic (mmHg) 68±1.76 75±2.79 .083 
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Table 4: Anthropometric, metabolic, androgen, and lipid measures in lean women with and 

without PCOS 

 

 

 

 Lean PCOS Women  Control women P-value 

 N=11 N=14  

Age (yrs) 23±1.05 

(18-29) 

21±0.65  

(18-31) 

.222 

Weight (kg) 61.1±2.20 

(51-72.1) 

61.72±1.84 

(53.1-70.9) 

.805 

Waist circumference (cm) 82.52±1.74  

(71.9-90.9) 

80.18±1.31 

 (72.5-88.9) 

.284 

BMI (kg/m
2
)  22.1±0.56 

(18.9-24.3) 

22.1±0.55 

(19.5-25.2) 

.651 

Insulin (µIU/ml) 9.46±0.95                          

(5.00-16.64) 

9.27±1.28 

(3.32-18.36) 

.909 

HOMA-IR 1.21±0.13 

(0.4-2.3) 

1.28±0.17 

(0.6-2.2) 

.792 

Total T (nmol/l) 5.80±1.17 

(1.54-14.39) 

4.96±0.69 

(2.47-11.50) 

.522 

SHBG (nmol/l) 52.53±6.84 

(10.14-98.22) 

103.01±29.40 

(15.53-275.64) 

.283 

Free T (pg/ml) 2.10±0.37 

(0.83-6.11) 

1.16±0.22 

(0.20-2.97) 

.009* 

FAI 11.71±2.33 

(0.43-36.11) 

6.83±3.02 

(3.10-25.48) 

.218 

Glucose (mmol/L) 4.81±1.96 

(4.27-5.44) 

5.30±2.30 

(4.61-6.55) 

.013* 

Total Cholesterol (mmol/L) 4.58±8.10 

(3.39-5.78) 

5.20±7.17 

(4.30-6.39) 

.036* 

HDL-C (mmol/L) 1.01±3.71 

(0.62-1.55) 

1.01±2.22 

(0.67-1.37) 

.777 

LDL-C (mmol/L) 3.00±8.15 

(1.94-3.96) 

3.73±6.83 

(2.84-4.92) 

.014* 

Triglycerides (mmol/L) 2.67±12.71 

(1.37-4.35) 

2.28±7.98 

(1.19-3.47) 

.328 

Systolic BP (mmHg) 98±2.61 

(80-110) 

105±2.81 

(91-125) 

.103 

Diastolic (mmHg) 67±2.55 

(50-77) 

69±1.86 

(60-86) 

.570 
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Table 5: Anthropometric, metabolic, androgen, and lipid measures in overweight/obese women 

with and without PCOS 

 

 

 Overweight/obese PCOS 

Women  

Overweight/obese Control 

women 

P-value 

 N=11 N=8  

Age (yrs) 22±0.89 

(18-28) 

19±0.50 

(18-22) 

.052 

Weight (kg) (Range) 88.0±3.94 

(65.2-110.6) 

83.3±5.53 

(67.4-117.0) 

.486 

Waist circumference 

(cm) 

106.15±3.09 

(89.6-126.6) 

98.16±4.34 

(85.1-124.3) 

.141 

BMI (kg/m
2
) (Range) 32.6±1.42 

(26.55-39.51) 

31.3±2.26 

(26.47-45.70) 

.621 

Insulin (µIU/ml) 16.64±1.87 

(8.25-26.41) 

16.86±3.29 

(7.90-34.62) 

.951 

HOMA-IR 2.09±0.23 

(1.1-3.3) 

2.19±0.41 

(1.0-4.3) 

.828 

Total T (nmol/l) 5.72±0.61 

(3.54-11.34) 

3.83±0.98 

(2.15-9.25) 

.018* 

SHBG (nmol/l) 49.27±14.48 

(15.63-172.83) 

113.83±26.67 

(43.95-196.16) 

.014* 

Free T (pg/ml) 1.46±0.17 

(0.72-2.41) 

1.48±0.45 

(0.60-4.14) 

.180 

FAI 17.48±3.23 

(3.30-34.86) 

3.27±0.59 

(1.20-5.48) 

.003* 

Glucose (mmol/L) 4.81±0.95 

(4.50-5.11) 

5.36±2.76 

(4.94-6.16) 

.001* 

Total Cholesterol 

(mmol/L) 

3.93±9.79 

(2.95-5.36) 

5.49±10.16 

(4.38-6.84) 

.001* 

HDL-C (mmol/L) 0.86±4.75 

(0.31-1.55) 

0.88±4.18 

(0.54-1.35) 

.925 

LDL-C (mmol/L) 2.64±11.07 4.09±11.67 .003* 

Triglycerides 

(mmol/L) 

2.15±10.40 

(1.06-4.04) 

2.46±7.46 

(1.48-3.11) 

.386 

Systolic BP (mmHg) 102±2.82 

(89-114) 

106±3.17 

(97-122) 

.330 

Diastolic (mmHg) 73±2.15 

 (64-85) 

75±2.79  

(66-88) 

.766 
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Correlation Table 6: Women with PCOS  

N=22 BMI Insulin HOMA-IR Waist 

circum 

Total 

Cholesterol 

TG LDL HDL 

Insulin .801 

<0.001* 

1.000 .999 

.000 

.677 

<0.001* 

-.024 

.915 

-.053 

.815 

.087 

.701 

-.223 

.320 

HOMA-IR .790 

<0.001* 

.999 

<0.001* 

1.000 .673 

<0.001* 

-.025 

.911 

-.054 

.810 

.091 

.686 

-.235 

.292 

Waist circum .932 

<0.001* 

.677 

<0.001* 

.673 

<0.001* 

1.000 -.163 

.468 

.006 

.980 

-.071 

.753 

-.208 

.354 

Total T .300 

.186 

.083 

.720 

.027 

.907 

.087 

.708 

-.112 

.620 

-.486 

.026* 

-.025 

.915 

-.071 

.753 

Free T -.313 

.156 

-.251 

.259 

-.173 

.442 

-.386 

.076 

-.083 

.713 

-.330 

.133 

-.023 

.919 

-.057 

.801 

SHBG -.188 

.414 

-.053 

.819 

-.028 

.903 

-.134 

.563 

.079 

.733 

.147 

.525 

.088 

.703 

-.295 

.193 

FAI .422 

.057 

.362 

.106 

.254 

.266 

.247 

.281 

-.079 

.733 

-.448 

.042* 

-.012 

.960 

.102 

.753 
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Correlation table 7: Women without PCOS 

N=22 BMI Insulin HOMA-IR Waist 

circum 

Total 

Cholesterol 

TG LDL HDL 

Insulin .774 

<0.001* 

1.000 .976 

<0.001* 

.729 

<0.001* 

.114 

.612 

.233 

.296 

.186 

.408 

-.351 

.109 

HOMA-IR .745 

<0.001* 

.976 

<0.001* 

1.000 .692 

<0.001 

.057 

.800 

.243 

.277 

.146 

.517 

-.399 

.066 

Waist circum .958 

<0.001* 

.729 

<0.001* 

.692 

<0.001* 

1.000 .261 

.240 

.178 

.427 

.242 

.278 

-.072 

.750 

Total T -.420 

.052 

-.207 

.355 

-.245 

.272 

-.195 

.385 

-.282 

.203 

-.057 

.803 

-.373 

.087 

.143 

.524 

Free T -.232 

.299 

-.090 

.691 

-.089 

.692 

-.055 

.809 

-.258 

.247 

-.181 

.420 

-.300 

.175 

.119 

.597 

SHBG .297 

.190 

.203 

.378 

.267 

.242 

.204 

.375 

.237 

.302 

-.043 

.853 

.247 

.281 

-.129 

.577 

FAI -.577 

.006* 

-.160 

.489 

-.251 

.272 

-.399 

.073 

-.405 

.069 

-.035 

.880 

-.445 

.043* 

.174 

.450 
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Correlation table 8: Lean women with PCOS 

N=11 BMI Insulin HOMA-IR Waist 

circum 

Total 

Cholesterol 

TG LDL HDL 

Insulin -.245 

.468 

1.000 .995 

<0.001* 

.321 

.336 

.397 

.227 

.168 

.622 

.313 

.349 

.069 

.840 

HOMA-IR .246 

.465 

.995 

<0.001* 

1.000 .338 

.309 

.335 

.314 

.129 

.705 

.286 

.395 

.020 

.954 

Waist circum .771 

.005* 

.321 

.336 

.338 

.309 

1.000 -.027 

.936 

.124 

.717 

-.275 

.413 

.462 

.153 

Total T .718 

.013* 

-.136 

.689 

-.119 

.728 

.255 

.450 

.109 

.750 

-.282 

.401 

.200 

.555 

-.156 

.647 

Free T .373 

.259 

.100 

.770 

.123 

.718 

.136 

.689 

-.045 

.894 

-.245 

.467 

.218 

.519 

-.578 

.063 

SHBG .073 

.832 

.155 

.650 

.087 

.800 

.273 

.417 

.191 

.574 

.245 

.467 

.000 

1.000 

-.211 

.583 

FAI .445 

.170 

.491 

.125 

.516 

.104 

-.036 

.915 

.409 

.212 

-.145 

.670 

.673 

.023* 

-.330 

.321 
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Correlation table 9: Lean women without PCOS 

N=14 BMI Insulin HOMA-IR Waist 

circum 

Total 

Cholesterol 

TG LDL HDL 

Insulin .414 

.125 

1.000 .975 

<0.001* 

.321 

.244 

-.064 

.821 

.354 

.195 

-.079 

.780 

-.217 

.436 

HOMA-IR .430 

.110 

.975 

<0.001* 

1.000 .285 

.303 

-.174 

.534 

.356 

.193 

-.167 

.553 

-.311 

.259 

Waist circum .768 

<0.001* 

.321 

.244 

.285 

.303 

1.000 .130 

.643 

.270 

.331 

.036 

.898 

.123 

.663 

Total T -.225 

.420 

-.064 

.820 

-.154 

.583 

.193 

.491 

-.252 

.364 

-.157 

.575 

-.313 

.256 

.221 

.428 

Free T -.025 

.930 

-.143 

.612 

-.152 

.500 

-.036 

.899 

.211 

.450 

.161 

.566 

.438 

.103 

-.564 

.028* 

SHBG .064 

.853 

-.282 

.401 

-.306 

.360 

.073 

.831 

.064 

.853 

-.096 

.780 

.173 

.612 

.045 

.894 

FAI .018 

.958 

-.100 

.770 

-.064 

.852 

.155 

.649 

.109 

.750 

.150 

.659 

.273 

.417 

-.036 

.915 
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Correlation table 10: Overweight/obese women with PCOS 

N=11 BMI Insulin HOMA-IR Waist 

circum 

Total 

Cholesterol 

TG LDL HDL 

Insulin .766 

.006* 

1.000 .999 

<0.001 

.411 

.209 

.270 

.422 

.133 

.697 

.290 

.386 

-.176 

.606 

HOMA-IR .756 

.007* 

.999 

<0.001 

1.000 .411 

.210 

.280 

.404 

.144 

.672 

.301 

.369 

-.185 

.586 

Waist circum .784 

.004 

.411 

.209 

.411 

.210 

1.000 .504 

.114 

.649 

.031* 

.428 

.189 

-.239 

.479 

Total T -.418 

.201 

-.091 

.790 

-.180 

.597 

-.664 

.026* 

-.473 

.142 

-.718 

.013* 

-.473 

.142 

.100 

.769 

Free T -.200 

.555 

-.118 

.729 

-.230 

.495 

-.300 

.370 

-.491 

.125 

-.845 

<0.001* 

-.564 

.071 

.214 

.527 

SHBG -.552 

.098 

-.152 

.676 

-.148 

.683 

-.527 

.17 

-.164 

.651 

.055 

.881 

.139 

.701 

-.347 

.327 

FAI .152 

.676 

.115 

.117 

.012 

.973 

-.067 

.855 

-.176 

.627 

-.673 

.033 

-.479 

.162 

.529 

.116 
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Correlation table 11: Overweight/obese women without PCOS 

N=8 BMI Insulin HOMA-IR Waist 

circum 

Total 

Cholesterol 

TG LDL HDL 

Insulin .788 

.020* 

1.000 .999 

<0.001* 

.743 

.035* 

.125 

.769 

.052 

.903 

.207 

.622 

-.294 

.479 

HOMA-IR .767 

.026* 

.999 

<0.001* 

1.000 .720 

.044* 

.130 

.759 

.054 

.898 

.219 

.602 

-.315 

.447 

Waist circum .951 

<0.001* 

.743 

.035* 

.720 

.044* 

1.000 .310 

.455 

.085 

.842 

.171 

.685 

.246 

.558 

Total T -.405 

.320 

-.048 

.911 

-.048 

.911 

-.095 

.823 

-.333 

.420 

.619 

.102 

-.262 

.531 

-.228 

.588 

Free T .143 

.736 

.310 

.456 

.310 

.456 

.286 

.493 

.071 

.867 

.190 

.651 

.190 

.651 

-.479 

.230 

SHBG .250 

.589 

-.107 

.819 

-.107 

.819 

.214 

.645 

.750 

.052 

-.643 

.119 

.464 

.337 

-.090 

.848 

FAI .000 

1.000 

.500 

.253 

.500 

.253 

.000 

1.000 

-.643 

.119 

.536 

.215 

-.429 

.337 

-.126 

.788 
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Correlation table 12: Androgens in women with PCOS 

N=22 Free T 

(pg/ml) 

Total T 

(nmol/l) 

SHBG 

(nmol/l) 

FAI 

Free T 1.000 .292 

.199 

.035 

.880 

.355 

.115 

Total T .292 

.199 

1.000 -.026 

.915 

.484 

.031 

SHBG .035 

.880 

-.026 

.915 

1.000 -.548 

.010 

 

Correlation table 12: Androgens in women without PCOS 

N=22 Free T 

(pg/ml) 

Total T 

(nmol/l) 

SHBG 

(nmol/l) 

FAI 

Free T 1.000 .893 

P<0.001 

-.130 

.575 

.421 

.058 

Total T .893 

P<0.001 

1.000 -.279 

.220 

.631 

.002 

SHBG -.130 

.575 

-.279 

.220 

1.000 -.758 

P<0.001 
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Intervention analysis: Table 13: Baseline measurements one-way ANOVA 

 Apples No 

Exercise 

No Apples 

Exercise 

No Apples                  

No Exercise 

Apples and 

Exercise 

p-value 

# of participants 4 3 3 6  

Age 20-27 18-24 18-28 18-25  

Weight (kg) 61±9.4 (51-72) 79±8.3 (64-92) 80±15.8 (66-94) 85±18.45 (65-

111)  

.169 

BMI 22.93±0.81    

(20.82-24.31)  

28.23±2.44  

(23.42-31.35)  

29.85±8.99  

(22.17-39.51)  

30.72±6.45  

(22.03-39.42)  

.286 

Waist 

Circumference 

(cm) 

84.53±2.04 

(79.4-87.9) 

100.1±4.91 

(90.9-107.7) 

98.2±7.50 

(84.9-112.2) 

102.2±6.76 

(83.2-126.6) 

.243 

Insulin (µIU/ml) 12.57±1.37  

(10.68-16.64)              

12.41±2.78    

(7.96-17.54) 

13.16±4.50     

(6.39-26.41) 

15.89±2.75    

(7.28-25.86) 

.983 

HOMA-IR 1.6±0.20           

(1.3-2.2) 

1.57±0.35        

(1.0-2.2) 

1.65±0.56        

(0.8-3.3) 

2.00±0.33        

(1.0-3.2) 

.982 

Total T (nmol/l) 5.81±1.38
a
    

(2.25-8.86) 

4.26±0.79      

(3.41-5.84) 

5.94-1.38      

(4.11-9.97) 

5.94±1.12
b      

(3.69-11.34) 

.808 

 SHBG (nmol/l) 44.70±11.15
c
 

(20.13-74.04) 

53.61±23.18 

(20.38-98.22) 

34.62±20.73 

(15.61-60.56) 

36.29±19.13 

(10.14-54.46) 

.735 

Free T (pg/ml) 2.84±1.18      1.32±0.30      1.38±0.59       1.82±0.67      .387 
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(0.83-6.11) (0.72-1.67) (0.99-2.26) (0.99-2.46) 

FAI 16.54±3.58
b
   

(9.47-25.48) 

13.36±7.77     

(3.10-28.61) 

18.39±6.32    

(5.44-34.86) 

14.44±3.74    

(5.61-25.71) 

.911 

Systolic BP 

(mmHg) 

103±1.65          

(99-107) 

102±6.56          

(89-110) 

98±6.76            

(80-113) 

103±3.70          

(91-114) 

.822 

Diastolic 

(mmHg) 

70±2.87             

(62-75) 

70±3.76            

(64-77) 

70±6.01            

(56-85) 

73±3.09             

(62-83) 

.888 

Glucose 

(mg/dL) 

87±4.10
a  

          

(80-98) 

84±3.79
b
          

(77-90) 

85±3.20
b
           

(80-87) 

86±4.32            

(81-93) 

.883 

Total 

Cholesterol 

(mg/dL) 

177±18.80      

(131-223) 

146±21.32      

(120-188) 

165±11.59
b
    

(141-195) 

160±17.53
d
    

(114-207) 

.741 

HDL-C (mg/dL) 42±8.99             

(19-60) 

49±9.69
a
            

(30-60) 

34±10.20           

(21-43) 

40±10.07
a
          

(29-58) 

.529 

LDL-C (mg/dL) 118±9.11        

(100-139) 

75±12.74           

(59-101) 

115±15.80
b 

       

(88-154) 

104±17.89
b
      

(56-153) 

.376 

Triglycerides 

(mg/dL) 

85±2.72            

(42-164) 

104±2.89          

(49-147) 

81±8.71            

(61-102) 

81±17.73          

(35-143) 

.876 

Values are expressed as means ± SEM  

P-value listed the difference between changes in the treatment groups (one-way ANOVA) 

a
: p<0.1 

b
:p<0.05 

c
:p<0.01 

d
:p<0.001 for paired t-test within groups 
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Table 14: Analysis of Variance: a factorial between-subject ANOVA on endpoint data of intervention 

 Apples No 

Exercise 

No Apples 

Exercise 

No Apples                  

No Exercise 

Apples and 

Exercise 

p-value 

# of 

participants 

4 3 3 6  

     Exercise Apples Exercise*Apples 

Weight (kg) 62±5.99 

 (51-77) 

80±7.95  

(63-93) 

76±11.05  

(64-99) 

85±7.82  

(64-112) 

.150 .625 .278 

BMI 23.12±1.22  

(20.7-26.1) 

28.7±2.36  

(24.01-31.45) 

28.5±6. 53    

(21.8-41.5) 

30.96±2.73  

(22.46-39.74) 

.274 .676 .301 

Waist 

Circumference 

(cm) 

81.5±1.35     

(77.9-84.4) 

102.2±5.41  

(91.5-108.8) 

94.6±9.85     

(83.9-114.3) 

102.69±6.53 

(85.2-126.4) 

.056
a
 .371 .336 

Insulin 

(µIU/ml) 

13.15±3.50 13.59±0.88 14.86±6.24 17.45±3.48 .718 .798 .510 

HOMA-IR 1.70±0.43 1.73±0.13 1.87±0.78 2.18±0.42 .732 .782 .549 

Total T (nmol/l) 4.02±0.72
a
       4.76±1.61       6.37±1.39       4.05±0.60

b
     .443 .151 .428 

 SHBG (nmol/l) 128.54±11.68
c
 169.62±74.15 175.43±60.42 79.12±31.08 .529 .132 .605 

Free T (pg/ml) 1.36±0.24 3.18±1.24 2.58±0.60 2.01±0.37 .322 .072
a
 .972 
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FAI 3.12±0.55
b
 2.51±1.44 5.20±2.60 10.27±3.41 .552 .450 .204 

Systolic BP 

(mmHg) 

101±3.84 101±6.25 96±4.06 106±4.55 .386 .362 .981 

Diastolic 

(mmHg) 

67±4.55 71±4.72 67±2.52 74±3.20 .210 .696 .740 

Glucose 

(mg/dL) 

95±6.42
a
 91±5.29

b
 91±2.96

b
 87±1.65 .399 .992 .360 

Total 

Cholesterol 

(mg/dL) 

201±24.00 161±32.23 181±10.68
b
 180±16.89

d
 .369 .395 .965 

HDL-C 

(mg/dL) 

52±12.87 59±7.45
a
 46±7.55 48±6.08

a
 .631 .747 .359 

LDL-C (mg/dL) 134±11.07 85±25.10 119±14.25
b
 115±19.00

b
 .204 .271 .710 

Triglycerides 

(mg/dL) 

78±19.74 82±33.98 79±24.51 84±15.56 .827 .984 .952 

Values are expressed as means ± SEM  

P-value listed the difference between changes in the treatment groups at end-point (factorial ANOVA) 

a
: p<0.1 

b
:p<0.05 

c
:p<0.01 

d
:p<0.001 for paired t-test within groups 
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APPENDIX A 

HEALTH HISTORY 

 

 

Name: 

 

Birthdate:                        Age: 

Address: 

 

 

  

Email: 

 

Phone #’s: (day)                                                                    (night) 
 

 

Emergency Contact:                                                                   Phone #: 

 

 

 

Directions: Please answer the following questions to the best of your knowledge about 

yourself. Check below any medical condition, treatment or problems that concern you. 
 

I.     HEART and CIRCULATORY 

 

A. _____ Heart Attack, Heart disease or any other heart related problems 

B. _____ Heart Valve Problems 

C. _____ Heart Murmur 

D. _____ Enlarged Heart 

E. _____ Irregular Heart Beat 

F. _____ Atherosclerosis 

G. _____ Stroke 

H. _____ High Blood Pressure (controlled) 

I. _____ High Blood Pressure (uncontrolled) 

J. _____ Rheumatic Fever 

K. _____ Cardiac Surgery 

L. _____ Coronary Bypass 

M. _____ High Triglyceride Level 

N. _____ High Cholesterol Level 

O. _____ Varicose Veins 

P. _____ Anemia 

Q. _____ Hemophilia 

R. _____ Diabetes (controlled) 

S. _____ Diabetes (uncontrolled) 

T. _____ Phlebitis, Emboli (blood clots) 

U. _____ Other, Specify ___________________________________________________ 
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II.  RESPIRATORY 

 

A. _____ Emphysema 

B. _____ Bronchitis 

C. _____ Pneumonia 

D. _____ Asthma: _______ (childhood) _________ (currently) 

E. _____ Lung Disease 

F. _____ Other, Specify __________________________________________________ 

 

III.  OTHER DISEASE or ALIMENTS 

 

A. _____ Back Injuries/Back Pain 

B. _____ Epilepsy/Seizures (past or present) 

C. _____ Allergies 

D. _____ Liver Disease (Hepatitis, Jaundice) 

E. _____ Kidney Disease 

F. _____ Arthritis 

G. _____ Orthopedic Leg, Arm or Joint Problems 

H. _____ Neurologic Diseases 

I. _____ Migraine Headaches/Other Frequent Headaches 

Please explain any conditions you checked YES in I-III above: 

 

________________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 

 

IV.  HAVE YOU RECENTLY HAD: 

 

A. _____ Chest Pain 

B. _____ Shortness of Breath Upon Exertion 

C. _____ Heart Palpitations 

D. _____ Cough on Exertion 

E. _____ Cough Up Blood 

F. _____ Swollen, Stiff or Painful Joints 

G. _____ Dizziness 

H. _____ Lightheadedness 

I. _____ Fainting 

J. _____ Back Problems 

K. _____ Gastrointestinal Disturbances (nausea, vomiting, diarrhea, abdominal pains) 

 

 

Please explain any conditions you checked in IV above: 

______________________________________________________________________________

__________________________________________________________________ 
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______________________________________________________________________________

______________________________________________________________________________

____________________________________________________________ 

 

V.  FAMILY MEDICAL HISTORY (Immediate Relatives) 

 

A. _____ Heart Attack, Heart Disease or other heart related problems 

B. _____ Stroke 

C. _____ Atherosclerosis 

D. _____ High Blood Pressure 

E. _____ Diabetes 

F. _____ Lung Disease 

G. _____ Respiratory Problems 

H. _____ Heart Surgery or 

I. _____ Heart Related Surgery 

J. _____ Other, Specify: _________________________________________________ 

 

VI.  TOBACCO 

 

A. Do you currently smoke or use tobacco products? _____ Yes _____ No 

B. What type? _____ Cigarette 

_____ Pipe 

_____ Cigar 

_____ Chewing tobacco 

C. How long? _________ 

D. Amount smoked per day? __________ 

E. If you do not currently smoke, have you ever? _____ Yes _____ No 

F. If YES, how long ago did you quit? _____________ 

 

VII.  EXERCISE 

 

A. Do you exercise? _____ Yes _____ No 

B. What kind of exercise do you presently engage in? 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

C. Is your level of effort: _____ minimal _____ moderate _____ high 

D. How often do you exercise? __________ days per week 

E. How long do you exercise? __________ minutes per day 

 

 

 

 

 



63 

 

Please list any prescription medications, vitamin/nutritional supplements, over-the-counter 

medications you are currently taking or have taken in the last 7 days (don’t forget to include birth 
control pills, headache/migraine medications, etc.): 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 

 

 Please describe your present medical condition and anything we should be aware of concerning 

your health: 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 

______________________________________________________________________________

__________________________________________________________________ 

 

I certify that my responses to the foregoing questionnaire are true, accurate and complete: 

 

Signature:_________________________________________________ Date:______________ 
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APPENDIX B 

IRB APPROVAL FORM: CONSENT FORM 

FSU Human Subjects Committee Approved on 11/24/08 Void After 11/11/09 HSC# 2008.1820 

Study Title: Apple Polyphenols And Exercise: An investigation of the Hormone Profile And The 

Clinical Parameters Of Metabolic Syndrome In Women with Polycystic Ovary Syndrome 

(PCOS). Dr. Maria T. Spicer, PI, Adali Hernandez, Research Assistant 

(1) This is an 8 week study comparing the effects of consuming 75 g of dried apples  

daily and regular supervised resistance exercise on metabolic and hormone levels  

and the criteria used to diagnose metabolic syndrome in college age women with and  

without PCOS. Criteria for metabolic syndrome include high blood pressure; elevated  

blood glucose, LDL cholesterol and triglycerides (a form of fat in the blood); and, low levels  

of HDL cholesterol.  

(2) You will be asked to (a) provide information regarding your birthdate, health information,  

exercise habits and dietary intake and (b) to authorize use of this information by Dr. Spicer  

and her research assistants for the purpose of the research;  

(3) Your blood pressure, body composition, height, weight, and waist circumference will be  

measured before, mid-way and after the 8 week period;  

(4) Sampling of your fasting blood is requested before, mid-way and after the intervention.  

(5) Before each blood draw and blood pressure measurement, you will be asked to fast (not eat  

or drink) from 10 pm the night before until the next morning when you come to the  

assessment laboratory for the blood draw and the measurements stated above; [Breakfast  

will be provided after fasting blood has been drawn and blood pressure measurements  

have been taken.] 
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(6) An experienced phlebotomist will draw a total of 45 mL of blood over the duration of the  

whole study using sterile technique. The blood will be analyzed for blood glucose, insulin,  

cholesterol, triglycerides, adipokines, C - reactive protein, total testosterone, and sexhormone- 

binding-globulin. Fifteen mLs of your blood, about 2 teaspoons, will be taken  

at each sampling.  

(7) To record any amount of physical activity you will be asked to wear a pedometer and  

to log your steps daily as well as log the amount of supplement you consumed each  

day.  

(8) You will be assessed for resistance training and blood pressure control. An  

Electrocardiogram (ECG) and finger blood pressure (BP) signals will be measured to  

assess the regulation of your heart rate (HR) and BP by the autonomic nervous system.  

(9) Minimal risk involved in this study may happen from the blood draw which involves a  

needle prick which may cause some temporary discomfort and/or slight bruising; there is  

also a very slight chance of infection at the site.  

(10) The possible benefits of your participation in this research project include improvements in  

overall health and in blood pressure, serum cholesterol, triglycerides and glucose  

concentrations.  

 (11) You will not be paid for your participation in this research project but you will be receiving  

a complete nutritional assessment, the exercise program and functional food for free. Florida  

State University will not be held liable if the participant develops health problems during the  

course of the study, and will not provide compensation or provide medical treatment without  

charge for any medical interventions.  

(12) All the information we are collecting is confidential to the extent allowed by law  
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and will be kept under lock and key in Dr. Spicer’s office in the Sandels Building at  

Florida State University. The PI and her assistants are only ones who will have  

access to your information. Any identifying information will be destroyed by July  

2009.  

(13) Your involvement in this study is voluntary and you can withdraw from this study at  

anytime without penalty;  

(14) Your participation in this study may benefit you by increasing your physical activity and  

intake of fruit which may help improve your symptoms;  

(15) You can contact Dr. Maria Spicer at (850)644-1784 should you have any questions or  

require more information regarding this study. You can contact the F.S.U. Human  

Subjects Office at (850)644-8633 if you have any questions regarding the administration  

of this study.  

Information regarding this study has been explained to me. I have read and fully understand the  

contents of this consent form. I have signed it freely and voluntarily. This also authorizes the  

use of this information by Dr. Spicer and her research assistants solely for the purpose of the  

research. A copy of this signed consent form has been given to me.  

I, _____________________________, give my full consent to participate in the above titled  

research project sponsored by Florida State University and the Department of Nutrition Food  

and Exercise Sciences of the College of Human Sciences.  

Participant’s Signature __________________________ Date ____________  

Participant’s Name in print _________________________________  

I certify that I have personally explained all the parts of this form to the subject before requesting  

the subject’s consent.   Signature _____________________________________  
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APPENDIX C 

LIST OF ABBREVIATIONS 

 

Body Mass Index: BMI 

Cardiovascular Disease: CVD 

Free Androgen Index: FAI 

Free Testosterone: free T 

Follicle-stimulating Hormone: FSH 

Gonadotropin-releasing Hormone: GnRH 

High density-lipoprotein-cholesterol: HDL-C 

Homeostasis Assessment Model for Insulin Resistance: HOMA-IR 

 Impaired Glucose Tolerance: IGT 

Insulin Resistance: IR 

Low density-lipoprotein- cholesterol: LDL-C 

Luteinizing Hormone: LH 

Polycystic Ovarian Syndrome: PCOS 

Metabolic Syndrome: MetX 

Sex Hormone-Binding Globulin: SHBG 

Triglyceride: TG 

Total Testosterone: total T 
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